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8to, ds. 6<f. sewed, 

THE GROUND BENEATH US; 

ITS GEOLOGICAL PHASES AND C!HANGBS: 

Being Three Lectures on the Geology of Clapham and the 
Neighbourhood of London generally. 

By Joseph Peestwich, F.R.8., F.G.8., &c. 

** A popular exposition of the geology of the London neighbourhood, or, 
to state it more generally, of the Tertiary Series, exceedingly well done. 
Seldom or never have we met with any geological statement, intended for an 
ungeological audience, which is at once so lucid, oonsecutiye, and complete. 
No one can rise from a careful perusal of these Lectures without a (borough 
comprehension of what is meant by the succession of the Tertiary strata, a 
good general idea of the nature of their probable formation, and of the con- 
temporaneous aspect of the world around, and, what is perhaps yet more 
valuable, a clear notion of the amount and degree of evidence on wmch these 
reconstructive theories rest. Nothing tends more to the sound advance of 
popular, as well as scientific geologv, than careful local monographs of this 
iind,'*— 'The Guardian, August 4, 1868. 
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Post 8vo, with numerous Coloured Figures on eight Plates. 

Price 188. 

** The holiday-maker who intends to seek edification among the sea-cucum- 
bers, and to cultivate acquaintance among the oldest inhabitants of the shore 
of his watering place, whether Crabs or Jelly-fishes, Ghisteropod Molluscs or 
compound Ascioians, will receive from none of the many pleasant books 
upon salt-water life, written for his especial use, so much help as from this 
volume by Professor T. Rymer Jones. Of all popular books upon the 
natural history of our shores, it is the most complete and the most scientific, 
whQe of scientific books it is the most popular. His former writings have 
shown how well Professor R^er Jones is able to think with the few and to 
speak with the many. A mce criticism would be dissatisfied occasionally 
with his fiowers of speech and hitf quotations from the poets, but the general 
reader is more than content when he receives exact science from a foremost 
naturahst who is desperately resolved not to be dull, and who is not dull, but 
whose only fault is, that he does not trust sufficiently to his own power of 
making the details of science themselves entertaining. This power Mr. 
Bymer Jones habitually exercises by his freedom from pedantry, his clear- 
ness of expression, and that pleasant way of apprehendmg facts in nature 
which is a part of the constitution of his own mmd, and which gives life to 
his discussions over living creatures." — Examiner, August 21, 1858. 
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PREFACE. 



It has been the intention of the Authors, in writing the present 
work, to prepare a complete Manual of Qualitative Chemical 
Analysis for the use of Laboratory Students, while it is hoped 
that more advanced experimenters also wiU find in it ample in- 
formation concerning the rarer subjects of research. In attempt- 
ing to accomplish this double purpose, care has been taken to 
avoid perplexing the beginner with the descriptions of the less 
common substances ; with this intention, such descriptions are 
printed in small type. The present volume is not an account of 
general chemistry, nor does it contain descriptions of the apparatus 
employed, or of technical .processes ; for information on these 
points, reference must be, made to special treatises* : but it aims 
to be a complete and systematic Guide to Qualitative Analysis, 
and to represent the present condition of this department of che- 
mical science. 

To the following features of the present work the Authors 
would request the attention of Chemists, and of all th6se engaged 
in instructing pupils in Chemical Analysis : — 

1. In the First Part of the volume, at the end of each group 

* Mr. C. Greviile Williams*B admirable work will afford the student every 
information concerning apparatus and manipulation, while Dr. Odling's 
forthcoming Manual will convey, on all points connected with theoretical 
and descriptiye ohemistrj, the most exact and trustworthy information, and 
also an able explanation of the grounds upon which the system of notation 
atid equivalents adopted in the present work is based. 
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of elements or salts, concise Tables are given, which show at a 
glance the most striking properties of the more common sub- 
stances, as weU as their most characteristic reactions. 

2. The student is gradually accustomed to the use of chemical 
language, symbols, and formulse, while, on the first mention of 
any new reaction, the equation representing it is clearly expressed, 
and the rationale of the process given. 

3. In describing the salts and reactions of the various acid and 
basic radicals, the same order is invariably preserved. The mono- 
basic salts come first, then the bibasic, and lastly the tribasic, — 
the basic elements commencing with those most decidedly positive. 

4. If, in treating of any basic or acid-radical, a salt of charac- 
teristic properties is described, the corresponding salt of all basic 
or add-radicdls svhsequently spoJcen of is invariably noticed, 

5. The most characteristic compounds of each radical are 
printed in a conspicuous type. 

6. Facilities are afforded for the progress of the student, in the 
simple analytical schemes appended to each group. 

7. In the Second Part of the work, " The Method of Analysis " 
is described, ample directions and Tables being given, — while 
something is still left to the judgment of the pupil, who may 
frame tables for his own use from a study of the reactions, &c. 
detailed in Part I. 

8. "While the best methods of procedure in separations and 
testings are given, endeavour is made to impress on the student 
the necessity of an exact acquaintance with the nature of the 
processes concerned. 

By such means as those which they have just indicated, 
the Authors trust that they have attained to some degree of 
unity and simplicity, as well as of completeness, in the present 
treatise. 

The atomic weights employed in the present volume are those 
of Gerhardt, — the atomic weights of Oxygen, Sulphur, Selenium, 
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TeUnriuin, and Carbon being doubled^ and the atomic weights of 
all the other elements remaining the same as those usually 
adopted. These alterations have long been made by Continental 
chemists; in England they have been strongly advocated by 
Professors Brodie and Williamson and Dr. OdUng; and they have 
qnite recently received the sanction of a large portion of the 
eminent British chemists. May the Authors hope that their 
work will be found to supply^ in some degree^ that want of a 
suitable handbook of analysis which must be caused by these 
changes? 



ERRATA. 



Page 24, line 13 from bottom, for " anhydrous chloric acid, or chloric 

anhydride," read " the chloric radical." 
52, „ 23, for " H^C^H^Os," read " HaC^H^Og." 
61 , „ 12, for " to dissolved," read " to be dissolved. 
66, „ 20, for '^-E^C^B^^O.r read '^K^C^'Bi^O^." 
66, „ 3, halve the equation, 
96, „ 15, for " soda," read " sodium." 
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EXAMPLES OF FOEMUL^. 



Notation and nomendature adopted in the present work. 


Ordinary notation. 


ClCl 


CHLORINE 


CI 


HCl 


hydrochloric add 


Ha 


KCl 


chloride of potasflium 


KCl 


MnCl, 


bichloride of manganese 


Mna^ 


HNO3 


nitric add 


HO. NO5 


AgN03 


nitrate of silyer 


Ago. NO, 


CNON or CyCy 


cyanogen 


C,N 


KCN orKCj 


cyanide of potassium 


KC,N 


KCNO or KCyO 


cyanate of potassium 


KO, C,NO 


KCNS or KCyS 


Bulphocyanide of potassium 


KC.NS, 


HH 


hydrogen 


H 


FFO or HaO 


WATER 


HO 


HHOj, or H^Oa 


binoxide of hydrogeii 


HO2 


KHO 


hydrate of potassium 


KO.FO 


KKOorK^O 


oxide of potassium 


KO 


JtE-Oa or KjOa 


binoxide of potassium 


KO2 


CiaO or Clfi 


hypochlorous anhydride 


CIO 


HCIO 


„ add 


HO. CIO 


Kao 


hypochlorite of potassium 


KO.CIO 


HHSorHaS 


hydrosulphuric add 


HS 


KHS 


sulphydrate of potassium 


KS. HS 


KKSorKaS 


sulphide of potassium 


KS 


HHSO, or HaSO^ 


sulphuric add 


HO. SO3 


¥HSO^ 


sulphate of potassium and hydrogen 


I KO.SOg.HO.SOj 


KKSO4 or KaS04 


sulphate of potassium 


KO. SO3 


HHHN or H3N 


AMMONIA 


NH3 


HHHP or H3P 


phosphuretted hydrogen 
phosphoric add 


PH3 


HHHPO^ or K^VO^ 


3H0. PO5 


NaHHPO^ or NaH^POj 


phosphate of 1 -sodium 


Na0.2H0.P0, 


NaNaHPO^ or Na^HPO, 


phosphate of 2-8odium 


2NaO. HO. PO, 


NaNaNaPO^ or Na^ PO^ 


phosphate of 3-sodium 


3NaO. PO, 



A MANUAL OF CHEMICAL ANALYSIS 

(QUALITATIVE). 



Part L— CHEMICAL REACTIONS. 



CHAPTER I. 

INTRODUCTION. 

IeRRESTRIAL matter has been found by the researches of 
chemists to be capable of resolution into about sixty- two elements 
or simple bodies ; of these nearly half are of frequent occurrence, 
while the remainder are comparatively rare. Thus every substance 
met with in nature is either an element or a combination containing 
two or more elementary bodies, either mechanically or chemically 
blended. When it is desired to ascertain what simple bodies exist 
in any given form of matter, chemical analysis is resorted to. 

The student who seeks to become fitted for this method of in- 
quiry, should investigate carefully the chemical properties of the 
simple substances, since it is only by observations founded upon 
them that he will be able to distinguish the various constituents 
of the bodies that may be presented to him for examination. 

Investigation into the chemical properties of the elements has 
shown that many of them are diametrically opposed to one an- 
other, and thus two great classes may be formed, characterized 
by the possession of most antagonistic properties : to one of the 
classes the term ''basic elements" has been applied, and to the 
other that of "acid elements." These classes have also been 
named " metals " and " metalloids " respectively, as well as 
"electro-negative" and "electro-positive" elements. Attempts, 
however, at absolute classification fail, since it is found that some 
of the simple bodies occupy an intermediate position, and, strictly 
belonging to neither division, serve to connect the extremes to- 

B 



2 INTRODUCTION. 

gether. To place them therefore somewhat in the form of an are, is 
preferable to arranging them in two columns under distinct heads. 
Potassium (K) thus commences the list of basic elements, and chlo- 
rine (CI) begins that of the acid elements; while the elements con- 
necting the lower ends of the scales partake, to some extent, and 
in certain circumstances, both of the basic and acid character. 



Basic Elements. 






Acid Elements. 


Sjinb. Name. Equir. 






Equir. Name. Symb, 


K Potasaium 39* 






35*5 Chlorine 01. 


Na Sodium 23* 






80* Bromine Br 


Li Lithium 7' 






126* Iodine I 


Ba Barium 68*5 






19* Fluorine P 


Sr Strontium 44* 








Ca Calcium 20* 








MgMagnesiiunl2* 








V Yttrium ? 








E Erbium ? 








Tb Terbium ? 








Ce Cerium 47* ? 








La Lanthanum 47* ? 






16* Oxygen O 


Di Didymium 50* ? 


ft 




32* Sulphur S 


Th Thorinum 59*0 






79' Selenium Se 


Zr Zirconium 33*6 






128*4 Tellurium Te 


BeorGl Olucinum 6*9 








U Uranium 60* 








Al Aluminium 13*7 








Cr Chromium 26* 








Fe Iron 28* 








Mn Manganese 27' 5 






12* Carbon C 


Co Cobalt .30- 






11* Boron Bo 


Ni Nickel 29* 






22* Silicon Si 


Zn Zinc 32'6 








Cd Cadmium 56* 








Cu Copper 32* 








Ag Silver 108* 








Hg Mercury 100* 








Pb I^4ul 103-5 




14 


I* Nitrogen N 


Bi Bismuth 208- 




31* 


Phosphorus P 


Pd Palladium 53*3 




75' 


Arsenic As 


Sn Tin 58* 








Sb Antimony 120*3 








Pt Platinum 98*7 








R Rhodium 52*2 








Ru Ruthenium 52*2 




184* Tantalum Ta 


Ir Iridium 99' 




? PelopiumPe 


Os Osmium 99*6 




? Niobium Nb 


Au Gold 197' 


25* 


Titanium Ti 


H Hydrogen 1* 








W Tungsten 92 


t 






Mo Molybdenum 


48- 






V Vanadium 


68'6 






THE BASIC ELEMENTS. 3 

Notwithstanding its want of strict correctness, a more arbitrary 
and absolute division into basic and acid elements is a very con- 
venient one for analytical purposes ; and in accordance with this 
classification, we will now proceed to consider the chemical pro- 
perties of matter. 



CHAPTER II. 

THE BASIC ELEMENTS. 

The bodies which constitute this class are those elements kno^^^l 
by the name of metals, together with the gas hydrogen. The 
metals are for the most part solid bodies, although one, mercury, 
is liquid, and thus forms a link between the solid basic elements 
and the gaseous one, hydrogen. From its close resemblance to 
the other basic elements, this gas also is expected, if ever suffi- 
ciently condensed, to appear in the metallic form. The metals 
are characterized by peculiar physical properties, the chief of 
which are "metallic" lustre, and power of conducting heat and 
electricity ; but the first of these properties, although frequently 
quoted as an unmistakeable proof of the metallic character of a 
body, is so dependent upon the state of aggregation of its par- 
ticles, being entirely lost if the metal is reduced to a fine powder, 
as to be of little value ; while the power of conducting electricity 
and heat is to be considered but doubtful evidence of metallic 
character. Chemical characteristics are the best criteria of the 
basic nature of a body ; that is to say, it must possess properties 
powerfully opposed to those of the acid elements. 
The great class of basic elements- may be thus subdivided : — 

1. Metals which are lighter than water (H^ 0), and decompose 
it at common temperatures : — 

Potassium =K. Sodium =Na. Lithium = Li. 

2. Metals which are heavier than water (H^ 0), and decompose 
it at common temperatures : — 

Barium ==Ba. Strontium =Sr. Calcium =Ca. Magnesium =Mg. 

3. Metals, the majority of which expel hydrogen (H) from 
hydrochloric acid (HCl) at common or boiling temperatures : — 

b2 
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Yttrium=Y. Erbiuni=E. Terbiiim=Tb. Ceriiim=Ce. Lan- 
thamum=La. DidyTiiiiim=Di. Thoriiiiim=Th. Zirconium =Zr. 
Gluciniim=Gl. Uraiiium=TJ. Aluminium =A1. Clirominm=Cr. 
Iron=Fe. Manganese a=Mn. Nickel=Ni. Cobalt=Co. Zinc 
=Zn. 

4. Metals, the majority of which do not expel hydrogen (H) 
from hydrochloric acid (HCl), even at the boiling temperature : — 

* 

Cadmiimi==Cd. Copper =Cu. Silver =Ag. Mercury =Hg. 
Lead=Pb. Bismuth =31. Palladium ssPd. Tin=Sn. Antimony 
=Sb. Arsenic=As. Platinum =Pt. EhodiumsE. Iridium 
=Ir. Butheniumssltu. Osmium =08. Gold=Au. Tungsten 
ssW. Molybdenums Mo. Vanadium =V. 

5. The gas Hydrogen =sH. 

SUBDIVISION I. 
POTASSIUM, SODIUM, and lithium. 

These metals possess a silvery lustre ; they are of less specific 
gravity than water.* They are very difficult of preparation, on 
account of their great affinity for oxygen, with which they are often 
found combined in nature. A bright surface of any one of these 
metals becomes immediately tarnished if exposed for a moment to 
the air, a combination with the atmospheric oxygen being effected. 
Under the influence of the same affinity they decompose water, 
which is a chemical compound of oxygen and hydrogen, combining 
with its oxygen and setting free its hydrogen. 

I. PoTASsn7M=K. Potassium may be readily recognized by 
placing a small portion of it on the surface of water ; the water is 
decomposed by the potassium, which becomes red-hot (a circum- 
stance of frequent occurrence in chemical actions) ; the evolved 
hydrogen is then set on fire by the heated potassium, and bums 
with a violet flame, the colour being due to the presence of a 
small quantity of vaporized metal. Owing to its great tendency 
to combine with oxygen, potassium is always preserved under 
some liquid which contains none of that element: the liquid 
generally employed is Persian naphtha. 
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Potassium is a brilliant metal of bright silvery lustre ; at the 
temperature of the air it may be cut with a knife, but at the 
freezing-point it is brittle ; at 57°* 7 C. it melts, and at a low red 
heat distils. Its density is only 0*865, the density of water being 
considered as I'OOO. 

n. SoMTTMssNa. The metal sodium bears a remarkable re- 
semblance to potassium. If placed upon water it acts upon it 
with the utmost energy, fuses, and rolls, as a red-hot globule, 
rapidly from side to side of the containing vessel ; the heat, how- 
ever, does not rise sufficiently to inflame the hydrogen evolved 
unless the movement of the metal be impeded or confined, as by 
placing it upon a moistened piece of paper, to a smaller area ; the 
hydrogen is then kindled and bums with an orange-yellow flame, 
owing to particles of sodium being vaporized with it. Like 
potassium, sodium cannot be exposed to the air, and must be 
protected from it in a similar manner. 

The lustre of sodium is as brilliantly white as that of silver ; 
the metal is as soft as potassium at the ordinary temperature of 
the air, melts at 90° C, and distils at a lower temperature than 
potassium. Its specific gravity is 0-972. 

m. Lithium =Li. This metal is far rarer than either of the two pre- 
ceding ; like them it decomposes water, but not with their extreme energy. 
If exposed to the air it combines with the oxygen, and is therefore kept 
out of contact with that element. 

Lithium has the colour and brightness of polished silver ; at common 
temperatures it is harder than potassium or sodium, but softer than 
lead ; it is also capable of welding, i. e. of junction by pressure. It 
melts at 180° C, and cannot be distilled. It is the lightest of all soUd 
bodies, its specific gravity being only 0*5936. 

Metals which are lighter than Water, and decompose it at common 

temperatures. 



Name. 


Symbol. 


Equi- 
valent. 


Colour. 


Specific gravity. 


Melting- 
point. 


Potassium . . 
Sodium . . . 
Lithium . . . 

1 


K 

Na 
U 


39 
23 

7 


bluish white 

yellowish white 

white 


•866 
•972 
•5936 


57°-7'€. 
90° 
180° 
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SUBDIVISION n. 

BARimi, STRONTIUM, CALCIUM, and MAGNESIUM. 

These metals are for the most part of a colour closely resem- 
bling that of gold : they are of greater specific gravity than water. 
To a powerful affinity for oxygen is superadded an incapability of 
volatilization by heat, which renders them still more difficult of 
preparation than the members of the preceding class. They tar- 
nish in the air from formation- of oxide, and decompose water, 
although not with the extreme energy of potassium, sodium, and 
Hthium. 

I. BARiTHsBa. The metal barium decomposes water at the 
common temperature. It has a yellow colour. 

II. Strontium =Sr. The metal strontium decomposes water at 
the ordinary temperature. It has a golden colour, and a specific 
gravity of 2*5418. 

III. CALauM=Ca. The metal calcium decomposes water at 
the ordinary temperature. It is of a pale yellow colour, and 
its specific gravity is 1'5778. Its hardness approaches that of 
gold. 

rV. Magnesium =Mg. The metal magnesium does not decom- 
pose water at the common temperature, but is oxidized by hot 
water. It is white, and has the specific gravity of 1*87. 



Metals which are heavier than Water, and decompose it at common 

temperatures. 



Name. 


Symbol. 


Equi- 
valent. 


Colour. 


Specific gravity. 


Melting-point. 


1 
Barium . . . 

Strontium . . 

Caldmn . . . 

Magnesium . 


Ba 

Sr 
Ca 
Mg 


68-5 
44- 
20 
12- 


yellow 

yellow 

pale yellow 

white 


4-5? 

2-5418 

1-5778 

1-87 


red heat 

? 

bright red heat 

low red heat 
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SUBDIVISION ni. 

YTTEIUM, ERBIUM, TERBIUM, CERIUM, LANTHANIUM, DIDYMIUM, 
THORINUM, ZIRCONIUM, GLUCINUM, URANIUM, ALUMINnJM, 

CHROMIUM, MANGANESE, IRON, COBALT, NICKEL, 
ZINC. 

These metals are either dull white, greyish white, or hluish 
white. Their specific gravity varies from 2-56 to 8*8. The ma- 
jority of them are produced with as much difficulty as those of the 
second class ; this additional disadvantage also attaches to some of 
them, that the suhstances of which they form part are themselves 
found in very small quantity. Iron and zinc are the most easily 
obtained, then nickel, cobalt and aluminium, next chromium and 
manganese, whilst the remainder are of extremely rare occurrence. 
Many among them are tarnished by exposure to the air, moist 
air exerting a far more powerful effect than air when dry. Some 
of these metals decompose water slowly at ordinary temperatures, 
expelling its hydrogen ; but most of them evolve hydrogen from 
hydrochloric acid, combining with its chlorine. A new cha- 
racteristic is to be remarked in this class of metals, viz. the 
power which some of them possess of being attracted by the 
magnet. 

I. The first ten metals are almost unknown, and are not likely to fall 
into the hands of the student. 

n. Aluminium=A1. The metal aluminium does not decom^- 
pose water even in the slightest degree at the boiling temperature, 
nor does it tarnish in dry or moist air ; if, however, it is heated 
in the air, it bums and becomes wholly converted into its oxide 
(Al^Og). This metal does not decompose water to which nitric 
or sulphuric acid has been added, but it acts readily upon hydro- 
chloric acid, expelling the hydrogen and combining with the 
chlorine. 

Aluminium is a white metal, but has a slightly bluish tinge ; it 
is somewhat less brilliant than silver ; it is malleable ; it melts 
at a red heat. Its density is 2*66. It is not magnetic. 

ni. CHR0MnjM=Cr. The metal chromium behaves with water 
as al\uninium ; it does not oxidize in the air at ordinary tempe- 
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ratures, but at a red heat it absorbs oxygen readily from the air, 
and is converted into its oxide (Cr^Og). The accounts of its 
action on hydrochloric acid vary. 

Chromium is a greyish- white metal, very brittle, and requir- 
ing the heat of the most powerful furnace for fusion. Its den- 
sity is 8*9. It appears to become magnetic below the freezing- 
point. 

rV. Manganese =Mn. The metal manganese decomposes water 
at the ordinary temperature, therein differing fix)m the other 
members of the subdivision. It may naturally be inferred that it 
readily absorbs oxygen from the air also, and must for this reason 
be preserved under coal-tar naphtha. It of course expels the 
hydrogen from hydrochloric acid. 

This metal is of a grey colour, but with little metallic lustre ; 
it is brittle, and requires the heat of the wind-furnace to effect 
its fusion. Its density is 8*01. 

V. lEON=Fe. The metal iron exerts a very slight action on 
water at a temperature of 50° or 60° C, but when exposed to the 
joint action of air and moisture it absorbs oxygen with great 
avidity, forming the oxide well known as rust (Fe^Og). On ac- 
count of its tendency to combine with oxygen when moisture is 
present, it is always necessary to cover this metal when exposed 
to the weather with paint or some such substance, which may 
form a protective coat between it and the atmosphere. It decom- 
poses hydrochloric acid with great readiness. 

Iron has a peculiar grey colour and lustre, and a fibrous struc- 
ture which confers great toughness. It has the property of 
welding at a white heat. It melts at 1560° C, and at a higher 
temperature volatilizes slightly. Its density is 7-87. This metal 
is powerfully magnetic. 

VI. CoBALT=Co. The metal cobalt decomposes water above the 
ordinary temperature, but not when cold, nor does it absorb oxygen 
from the air except when heated. It decomposes hydrochloric 
acid slowly. 

It has a reddish-grey lustre, and, like iron, a somewhat fibrous 
structure. It melts at about the same temperature as iron. Its 
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density is about 8'6. It is generally stated to be magnetic, 
although some doubts are entertained upon this point. 

VII. Nickel =Ni. The metal nickel bears a strong resem- 
blance to cobalt. It does not oxidize in water or moist air at 
ordinary temperatures. It decomposes hydrochloric acid slowly. 

It has a greyish-white lustre, and in structure resembles iron 
and cobalt. It melts at a temperature rather higher than the 
melting-point of iron. The density is 8-82. It is magnetic, but 
less powerfully so than iron. 

VIII. ZiNC=Zn. The metal zinc is a peculiar one, having 
but little in common with the four preceding, which all present a 
strong family likeness. It does not decompose water at the ordi- 
nary temperature, or remove oxygen from dry air. In moist air 
it becomes covered with a thin film of oxide, which protects the 
metal beneath. If heated in the air it bums with a greenish 
light, forming the oxide Zn^O. It decomposes hydrochloric acid 
readily. 

Its lustre is bluish white. It melts at 412° C, and volatilizes 
at a red heat. Its density is 6-9 after fusion, and 7*19 after 
compression by rolling. It is not magnetic. 



Metals, the majority of which eocpel Hydrogen from Hydrochloric 
Add at the common or boiling temperature. 



Name. 


Symbol. 


Equi- 
valent. 


Colour. 


Specific gravity 
after fusion. 


Melting-point. 


Alnminium 


Al 


137 


white 


2-56 


red heat 


Chromium. 


Cr 


26- 


greyish white 


8-9 


wind-furnace 


Manganese . 


Mn 


27-5 


grey 


801 


wind-furnace 


Iron .... 


Fe 


28- 


grey 


7-87 


1550° C. 


Cobalt . . . 


Co 


30- 


reddish grey 


8-6 


1550° ? 


Nickel . . . 


Ni 


29- 


grey 


8-82 


1600°? 


Zinc .... 


Zn 


32-6 


blnish white 


6-9 


412° 
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SUBDIVISION IV. 

CAD]MIUM, COPPER, SILVER, MERCURY, LEAD, BISIVIUTH, 
PALLADIUM, TIN, ANTIMONY, ARSENIC, PLATINUM, 

RHODIUM, RUTHENIUM, IRIDIUM,^ OSMIUM, GMDLD, TUNGSTEN, 
MOLYBDENUM, VANADIUM. 

Tlie prevailing colour of these metals is white, one, however, 
copper (Cu) is red, and one, gold (Au), is yellow. Their specific 
gravity varies from 6*76 to 21*47. The greater number of them 
are very easily obtained from the compounds (ores) in which they 
exist in nature, and as these ores are tolerably abundant, they 
exert an important influence upon civilization. Those found in 
the largest quantity and obtained with the greatest ease are lead, 
copper, tin, silver, mercury, gold, bismuth, antimony, and arsenic ; 
platinum and palladium are of rarer occurrence, and the remainder 
are very seldom met with. As a rule they do not, when exposed 
to the air, combine with its oxygen, or at the most become covered 
with but a slight film of oxide or tarnish ; so comparatively slight 
indeed is their affinity for oxygen, that the oxides of many of 
them are decomposed by heat alone into metal and oxygen. As 
a class also they exert no action upon water or hydrochloric acid. 
These metals are not magnetic. 

I. Cadmium =Cd. The metal cadmium does not decompose 
water at the ordinary temperature, and only slightly tarnishes 
upon exposure to air ; it is nevertheless a very oxidizable metal 
at a higher temperature, and when heated in the air bums with 
the formation of an oxide (Cdg 0) of a brown or brownish-yellow 
colour. Hydrochloric acid acts upon it but slowly. 

The colour of cadmium is white with a tinge of blue ; it is soft 
and flexible, crackling Hke tin when bent ; it is very fiisible, melt- 
ing below a red heat ; it volatilizes somewhat below the boiling- 
point of mercury (360° C), and its vapour has no odour. The den- 
sity of the metal is 8*604 after fusion, and 8*694 after hammering. 

n. CoppEE=Cu. The metal copper does not decompose water 
at the ordinary temperature, and but very slowly when raised to 
a high degree of heat. On exposure to moist air it tarnishes, and 
when heated in the air it absorbs oxygen and yields two oxides 
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(Cu^O and Ca,0); these, however, do not yield up their oxygen 
when further heated. Hydrochloric acid acts upon this metal 
with great difficulty. 

Copper has a well known red colour ; it is malleable ; at about 
788° C. it melts, and volatilizes sensibly at a very elevated tempera- 
ture. Its density after fusion is 8*85, and after hammering 8*95. 

in. SiLVEB= Ag. The metal silver does not decompose water, 
or withdraw oxygen fix)m dry or moist air; if, however, it is 
heated in contact with air, at an elevated temperature it absorbs, 
or more properly, dissolves oxygen, but yields it up again on a 
farther increase of heat. It is acted upon by hydrochloric acid 
with the greatest difficulty. 

The peculiar lustre of silver is perhaps more beautiful than that 
of any other metal. It is very malleable. At about 1000° C. it 
melts, and volatilizes slowly at a very high degree of temperature. 
Its density is 10*47 after fusion, and 10'51 after hammering. 

IV. MEECxmY=B[g. The metal mercury does not decompose 
water at any temperature, nor does it combine with oxygen when 
exposed to dry or moist air ; if heated in the air it combines with 
oxygen, forming the oxide (Hg^O), which is again resolved into 
its constituents at a higher degree of heat. Hydrochloric acid is 
not decomposed by this meted. 

The great peculiarity of mercury is its liquidity at common 
temperatures; at —40° C, however, it becomes solid, and at 360° C. 
it boils, and is converted into a colourless vapour. In lustre and 
colour it resembles silver, yet has a tinge of the blue-grey hue of 
lead. Its density is 13-59 at 4° C. 

V. LEAJ)=Pb. The metal lead does not decompose perfectly 
pure water ; it tarnishes slightly in moist air ; if heated in the 
air it rapidly absorbs oxygen, and the oxide thus formed (Pb^O) 
is not decomposed by heat alone into metal and oxygen. Hydro- 
chloric acid acts upon this metal with great difficulty. 

Lead is a metal of a bluish- white lustre, very malleable, melting 
at 334° C, and volatilizing to a considerable extent at high tempera- 
tures. Its density is 11*445, and increases slightly by hammering. 

YI. Bismuth =Bi. The metal bismuth appears not to decom- 
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pose water if the latter is quite free from air ; it tarnishes slightly 
in damp air ; and if heated in the air is converted into its oxide 
(BiaOg), which is not decomposed by heat. Hydrochloric acid 
acts upon it very slowly. 

Bismuth is of a reddish- white colour, rather brittle ; it melts 
at 247° C, and can be distilled at a very high temperature. Its 
density is 9*82, and is slightly diminished by compression. 

VII. Palladium =Pd. The metal palladium does not decom- 
pose water ; it does not tarnish in the air unless heated, when a 
blue film of oxide appears on the surface which vanishes upon 
further heating : cold hydrochloric acid does not attack it. 

Palladium is a metal of a greyish- white colour ; it does not 
melt at the temperature of the blast-fiimace. Its density is 11*3 
after fusion, and 11*8 after hammering. 

Vm. TiN=Sn. The metal tin does not decompose water, nor 
does it absorb oxygen from the air ; heated in the air it forms an 
oxide which an accession of temperature does not decompose ; it 
is but slowly attacked by hydrochloric acid in the cold. 

Its brilliant white colour is well known ; it is malleable, and 
melts at a temperature of 228° C. Its density is 7*291 after 
fusion, and 7*299 after rolling. . 

IX. Antimony =Sb. The metal antimony does not decompose 
water or attract oxygen from the air at ordinary temperatures ; 
heated in the air it oxidizes, and the oxide produced is not de- 
composed at an increased heat : cold hydrochloric acid acts upon 
it with extreme slowness. 

It has a bluish- white colour, is very brittle, melts at 430° C, 
and has a density of 6 -71. 

X. Aesenic=As. The so-called meted arsenic does not de- 
compose water freed from air, nor does it absorb oxygen from dry 
air. It becomes oxidized by exposure to air and water, or to 
moist air only. When heated in the air it bums into an oxide 
not easily decomposable by heat. Hydrochloric acid is readily 
decomposed by this body. 

The metal has a steel-grey colour, is very brittle, and volatilizes 
without melting at 300° C. Its density is 5*75. 
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XI. pLATiNUMssPt. The metal platinum does not decompose 
water except at a most elevated temperature ; it does not absorb 
oxygen from the air at any temperature, nor does hydrochloric 
acid exert any action upon it. 

Its colour is white with a tinge of grey. It is malleable^ and 
possesses the property of welding at a white heat. It melts only 
at the temperature of the oxyhydrogen blowpipe. Its density is 
21*16 after fusion, and 21*45 after hammering. 

XII. The metals rhodium, iridium, ruthenium, and osmium are very 
rare, and are not Ukely to come in the way of the student. 

Xin. GoLD=Au. The metal gold does not decompose water, 
nor does it tarnish in the air or absorb oxygen from it at any 
temperature : it is wholly unattacked by hydrochloric acid. 

Its rich yeUow colour is well known. It melts at about 1200° C. ; 
its ductility is very considerable. Its density is 19*2 after fusion, 
and 19*3 or 19*4 after hammering. 

XIV. The metals tungsten, molybdenum, and vanadium are not 
likely to pass through the hands of tiie student. 

Metah, the majority of which do not eaypel Hydrogen from Hydro- 
chloric Add, even at the boiling temperatv/re. 



Name. 


Symbol. 


Equi- 
valent. 


Colour. 


Specific gravity 
(after tusion). 


Melting point. 


Cadmium . 
Copper . . 
Silver . . . 
Mercury . 
Lead. . . . 




Cd 
Cu 

Ag 

Hg 

Pb 

Bi 

Pd 

Sn 

Sb 

An 

Pt 

Au 


56- 
32- 

108- 

100- 

103-5 

208- 
53-3 
58- 

120-3 
75- 
98-7 

197- 


bluish white 

red 

brilliant white 

bluish white 

bluish white 

red 

greyish white 

brilliant white 

bluish white 

steel grey 

greyish white 

deep yellow 


8-604 
8-85 
10-47 
13-59 
11-44 
9-82 
11-3 
7-291 
6-7 
5-75 
21-16 
19-2 


r below a 

\ red heat 

788° 

1000° 

-40° 

334° 

247° 
r oxyhyd. 
1 blowpipe 

228° 

430° 

? 

oxyhyd. 
\ blowpipe 
1200° 


Bismuth 
Falladiimi 
Tin . . . 




Antimony 
Arsenic . 
Platinum 
Gold . . 


• 
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SUBDIYISION V. 
HYDROGEN. 

The only member of this subdivision is the gas hydrogen, 
which, from the numerous chemical analogies which it beaxs to 
the metals, is expected, if ever condensed, to appear in the me- 
tallic form; its gaseous state at ordinary temperatures is no 
argument against this view, since it must be remembered that 
many of the metals, as mercury, zinc and sodium, are known as 
transparent gases at an elevated temperature; it has not yet, 
however, been condensed, and so the features which its liquid or 
solid forms may present are merely a matter of conjecture. 

Hydrogen is an exceedingly abundant element, occurring in 
combination with oxygen as water ; its a^mty for this body and 
for chlorine is very great, as exemplified by the facts stated above, 
which show that only a few of the metals have, by reason of their 
superior aflSaiity, the power of directly expelling hydrogen from 
these combinations. 

Since hydrogen is a substance frequently employed in chemical 
operations, and as it differs in many material points from the 
elements of the same class which have been described, it is im- 
portant that the student should prepare it and examine its pro- 
perties. 

It occurs in nature, as many of the metals do, combined with 
oxygen, and in this form of combination (H^O) it constitutes a 
large part of terrestrial matter ; it also occurs in commerce com- 
bined with various other elementary and compound bodies, form- 
ing a large class of substances to which the name of acids has 
been assigned, such as hydrochloric (HCl), sulphuric (H^SO^), 
and nitric acid (H NO^); fix)m anyone of these compounds hydro- 
gen may be set free by employing a suitable process, or in other 
words, by presenting to the hydrogen compound some substance 
which has a greater tendency to combine with that body with 
which the hydrogen is united than the hydrogen itself possesses. 
Thus, if potassium be added to water, hydrogen (H) and the 
substance called potash, or hydrate of potassium (K HO), are ob- 
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tained ; for, as the reBolt of aU the forces brought into play, the 
potassium acts just as if it had a greater tendeacy to unite with 
the oxygen than the hydrogen has, with which the oxygen is 
previously comhined. And if, again, dnc is added to hydro- 
chloric or to sulphuric acid, hydrogen is likewise, and for the 
Bome reasons, liberated, with the mmultaneoua production of 
chloride or sulphate of rine, as the case may be. By one of these 
latter methods the student invariably isolates this element, using 
the apparatus shown in the accompanying diagram. 

The hydrochlraic acid and zinc are Fig. 1. 

placed in the generator (A), and some 
water in the wash-bottle (B) for the puri- 
fication of the gas ; the delivery-tube (C) 
dips beneath the snr&ce of some water in 
a basin, while the bubbles of hydrogen 
are caught as they issue in test-tubes 
previously filled with water, and inverted, 
with their mouths just below the level of 
the water in the hamn. 

The following observations and experiments should be made 
with this substance : — 

Hydrogen is a transparent colourless gas, scarcely soluble in 
water, 1 volume of water dissolving only -015 of a volume of 
hydrogen. When pure it is inodorous, but, as commonly pre- 
pared, it has a peculiar odour which is easily recognized. It does 
not combine with oxygen at common temperatures, but if a small 
portion only of the gas be highly heated by the apphcation of a 
burning body, that part then combines with the atmospheric 
oxygen present, and the heat evolved by this chemical union is 
sufficient to raise another portion of the gas to the temperature 
at which this combination takes place ; this is repeated until the 
whole of the hydrogen is converted into its oxide water (H,0). 
Thus if a light be applied to the gas in a tube or other vessel 
having its mouth open to the air, a blue flame is seen to move 
sbwly down till it reaches the bottom, marking, in feet, in its 
passage the surfeee of the unconsumed hydrogen. 
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The foregoing experiment may be so modified as to bum all the 
hydrogen at once ; for this purpose it is only necessary to mix 
the gas thoroughly with half its bulk of oxygen and apply intense 
heat to any portion of the mixture, as by the application of a 
burning body ; oxygen is then ready at every point to combine 
with the hydrogen; and so great is the heat evolved that the 
vapour of the water formed is expanded suddenly and immensely, 
and the result is an explosion. A less violent result is obtained by 
mixing air instead of oxygen with the gas ; and by lighting either 
mixture in an open test-tube all unpleasant efiects are obviated. 

The density of this element, hydrogen, is less than that of any 
other known body. The density of gaseous bodies is, however, 
generally referred to that of air as a standard, and air being taken 
as I'OOO, hydrogen is '0692. This low density is weU exem- 
plified by taking two tubes which have been filled with the gas, 
uncovering their mouths, and holding one in its ordinary, and the 
other in an inverted position ; from the former the gas may be 
shown to have escaped almost immediately, for on the application 
of a lighted taper a few seconds only after the uncovering, no 
ignition will take place ; the second vessel will, however, retain 
its contents for a considerable length of time, for it will be found 
that the gas in it will take fire after the lapse of some minutes, 
on the approach of the lighted taper. 

A peculiarity with regard to this gas is, that if burnt at a jet 
(formed conveniently of an upright tube with a fine point and 
small aperture, inserted in the cork of the washing-bottle figured 
above, instead of the ordinary delivery-tube), and a tube of about 
-J-inch internal diameter be placed cautiously over the flame so 
as not to extinguish it, a variety of peculiar notes are produced, 
some of which are remarkably clear and musical. 

AU chemical reactions, or changes which take place when 
bodies act chemically upon each other, are rendered most di- 
stinctly intelligible by being placed in the form of an equation, 
and the student should familiarize himself with the method 
of so expressing them. Thus in the changes above alluded to 
as taking place in the production of hydrogen, the decompo- 
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sition of water by potcussium is clearly shown in the following 

manner : — 

H,0+K=KHO+H 

Hydrate of 
potassium. 

In the same way the decomposition of hydrochloric or sulphuric 
acid by zinc may be exhibited : — 

HCl+Zn=Zna+H 

Chloride 
of zinc. 

H, S0,+2Zn=Zn, S0,+2H 

Sulphate 
of zinc. 



CHAPTER III. 

THE ACID ELEMENTS. 

Undeb this title are comprehended the remainder of the ele- 
mentary bodies. The acid elements are also sometimes termed 
" non-metaUic elements" and " salt radicals." Although for 
the most part possessed of properties powerfully antagonistic to 
those of the basic elements, they do not all bear to each other the 
strong resemblance exhibited in the case of the latter class of 
bodies; they may, however, be arranged in subdivisions, each 
containing a few members which present among themselves many 
points of accordance. The state of physical aggregation in which 
these substances exist, is as varied as that which the basic ele- 
ments present ; the majority of them occur in the solid form, 
one, bromine, in the liquid, and several in the gaseous condition. 

The class of acid elements may for convenience sake be thus 
subdivided : — 

1. Bodies which, in combining with hydrogen, lose nothing of 
their acid character : — 

Chlorine =C1. Bromine = Br. Iodine = I. Fluorine =F. 
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2. Bodies, the acid character of which is masked by combina- 
tion with hydrogen : — 

Oxygen=0. Sulphiir=S. Selenium=Se. Telluriiim=Te. 

3. Bodies which lose their acid character completely by com- 
bining with hydrogen : — 

Carbon =C. Boron = Bo. Silicon = Si. Tantalum =Ta. 'Nio- 
biiim=!Nl). Pelopium=Pe. Titanium =Ti. 

4. Bodies which acquire a basic character by combining with 
hydrogen : — 

Nitrogen =N. Phosphorus = P. Arsenic = As. 

SUBDIYISION I. 
CHLORINE, BROMINE, IODINE, FLUORINE. 

The three former of these substances are known, the fourth 
has never yet been isolated ; they are possessed of the most ener- 
getic tendency to combine with the basic elements, and it is this 
obstacle which has always hitherto prevented the isolation of the 
last member of the group, fluorine. The intensity of their che- 
mical attraction for the bodies most opposed in chemical character 
is well exhibited by the fact that many metals, upon simply being 
brought into contact with these substances, ignite, burning in the 
act of combination ; and as may be readily supposed, the com- 
pounds thus formed are as difficult of decomposition as they are 
easy of production. The first member, chlorine, is a gas ; the 
second, bromine, a liquid ; and the third, iodine, a solid : fluorine 
is believed to be a gas. As will be seen hereafter, the three first 
members of this group exhibit a most singular family resemblance 
both in their chemical and physical properties, and it is generally 
thought that some far more intimate connexion subsists between 
them than any of which we are at present aware. 

I. CHLOEnrBsssCl. The non-metallic element, or salt-radical 
chlorine, is a gas at all ordinary temperatures and pressures, but 
under a considerably increased pressure it liquefies ; no combi- 
nation of cold and pressure has, however, yet proved capable of 
effecting its solidification. 
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Chlorine occurs in nature in combination with many of the 
metals, but its most abundant source is common salt, NaCl, which 
exists so largely in the sea and in extensive deposits in different 
parts of the earth. 

From common salt, chlorine is frequently prepared by a me- 
thod which consists essentially of two processes joined into one : 
— the mode of proceeding is to add sulphuric acid (H^ SO^) to a 
mixture of black oxide of manganese (Mn^O,) and common salt 
(NaCl), and to apply heat, when chlorine is given off, and may be 
collected either over hot water or by displacement. For the 
better understanding of this process, the action may be supposed 
to be divided into two parts ; the first consisting of the addition of 
sulphuric acid (H^ SO^) to chloride of sodium (NaCl): here a simple 
interchange between the basic and acid elements occurs, the 
result being the production of sulphate of soda (Na^SO^) and 
hydrochloric acid (HCl), thus— 

H, SO, + 2NaCl=: Na, SO, + 2HC1 ; 
and the second action being that of the black oxide of manga- 
nese, Mn^Oj, upon the hydrochloric acid, the final result being 
represented thus — 

Mn,0,+4HCl=2MnCl+2H,0+2Cl. 
A very usual way of preparing chlorine is by performing the 
latter only of the processes given above, that is, to commence 
with Mn^Oj and HCl, hydrochloric acid being a cheap article of 
commerce. The student wiU do weU to prepare chlorine by 
both methods, and to observe the following properties of the 
gas, collecting it both by displacement and over warm water : — 

(a) It has a peculiar yellowish-green colour, whence its name ; 
it has also a peculiar unmistakeable odour : both of these cha- 
racters it imparts to water when dissolved in that liquid. 

(/3) It has the property of bleaching ahnost all animal and 
vegetable colours ; the presence, however, of a trace at least of 
water is necessary before submitting the coloured substances under 
examination to the action of the gas. 

(y) It exerts a very singular action on some bodies contain- 
ing carbon and hydrogen, by reason of its tendency to combine 
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with their hydrogen, forming hydrochloric acid, their carbon 
being consequently set free as soot : this is well shown by the 
introduction of paper dipped in turpentine, or of a lighted taper, 
into a jar of chlorine. 

(h) It imparts no colour to starch-paste. 

The specific gravity of chlorine gas is 2'44 ; being thus much 
heavier than atmospheric air, it may be collected in vessels filled 
with that fiuid, by allowing it to issue from a delivery-tube at the 
bottom of the jar to be filled ; m virtue of its superior density it im- 
mediately occupies the floor of the jar or bottle, and, gradually rising, 
buoys up the air upon its surface, until it finally expels it whoUy. 

Chlorine gas is soluble in cold water ; its maximum solubility 
is in water at 8° C, 1 volume of water at that temperature dis- 
solving 3*04 volumes of the gas ; at 5(P C, 1 volume dissolves 
only 1*09 volume ; and at 100° C, the temperature of boiling 
water, it dissolves nothing. In collecting chlorine over water, 
then, the temperature of the latter is an important point. 

As a chemical agent, chlorine is among the most powerful 
with which we are acquainted, its afl&nity for the basic elements 
being so great, that many metals when introduced into the gas 
in the form of leaf or fine powder, burst into flame from the 
great energy of their chemical combination : the basic element 
hydrogen also, when mixed with this gas and exposed to the 
bright light of the sun or of the voltaic arc, explodes 6t)m the 
same cause. By reason of these powerful aflSaiities it is a very 
dangerous gas to breathe, since the fine structure of the lungs is 
very liable to injury 6t)m exposure to energetic chemical agents. 

II. BEOMiio:=Br. The non-metaUic element, or salt-radical 
bromine, is a reddish-brown liquid, boiling at 63° C, and be- 
coming solid at —22P C. 

Bromine is an element of somewhat rare occurrence in nature ; 
it is chiefiy found in combination with sodium (Na), magnesium 
(Mg), and calcium (Ca), in sea- water and some mineral springs, 
and more rarely as the mineral, bromide of silver (AgBr). The 
method for its isolation is the same as that adopted in the case 
of chlorine ; hydrobromic acid being at first set free, is imme- 
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diately decomposed by black oxide of manganese^ Mn^O^, which 
oxidizes its hydrogen, liberating the bromine, which condenses 
in the liquid form : by this process the student should prepare a 
small quantity of bromine and observe — 

(a) Its physical characters, such as its colour, odour, great 
volatility, and its solubility in water. 

(/5) Its bleaching power, somewhat inferior to that of chlorine, 

(y) Its far less powerful action on hydrocarbons. 

(2) That, when brought into contact with starch-pajste (made 
by boiling starch in water), it produces a beautiful series of 
colours, varying from pale yellow to the richest orange, accord- 
ing to the amount of bromine present. 

In the liquid state bromine has a density of 2*966, in the 
gaseous, of 5*39. 

One part of water at 15° C. dissolves *03003 of liquid bromine. 
The bromine escapes from its aqueous solution on heating, just 
as chlorine does. 

Bromine is a substance which, in its chemical relations, bears 
a striking resemblance to chlorine, forming compounds with the 
various metals possessed of chemical and physical properties 
almost identical with those of the chlorides. What we, for con- 
venience sake, call the power of chemical attraction, is, however, 
less between the bromine and the basic element than that ma- 
nifested by chlorine, which latter element consequently, in many 
circumstances, removes bromine from its combinations, taking 
its place. Bromine vapour, although not so injurious to the 
human organism as chlorine, nevertheless, if breathed in any 
quantity, acts very detrimentally ; and the liquid bromine, if left 
in contact with the skin, produces a wound very difficult to heal. 

m. Iodine = I. The non-metallic element, or salt-radical 
iodine, is a solid at ordinary temperatures, of a metallic grey 
colour, and somewhat resembling in appearance the substance 
known as plumbago or black-lead. Iodine crystallizes in rhom- 
boidal plates, and also in rhombic octahedra, which belong to the 
same system. 

Iodine occurs in nature associated with bromine and chlorine^ 
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in the waters of the sea and of varioas mineral springs^ being 
chemically combined with sodium (Na), calcium (Ca), and mag- 
nesium (Mg): it is also sometimes met with combined with 
silver (Ag). Its great source, however, is the ash obtained by 
burning sea- weeds : these plants extract the very minute quantity 
of iodine contained in sea- water, and by continually storing it 
up in their organisms, succeed in accumulating, comparatively 
speaking, so large a quantity of iodine as to repay the cost of 
extraction. It is prepared in precisely the same manner as the 
two former elements, hydriodic acid being in the first place pro- 
duced and immediately submitted to the action of black oxide of 
manganese (Mn^ O^). The student should prepare a small quantity 
of iodine by acting with sulphuric acid (H^ SO^) and MnjOj upon 
some iodide of potassium, and observe — 

(a) Its physical characters both in the solid and gaseous con- 
dition, its colour and odour, the crystallization of the solid iodine 
from the vapour on cooling, and its solubility in water. 

(/3) Its bleaching power, fSai feebler than that of chlorine or 
bromine. 

(y) Its comparatively feeble action on hydrocarbons. 

(^) The very fine and characteristic blue colour which is pro- 
duced when iodine and starch-paste are mixed. 

Iodine melts at the temperature of 107° C, and boils at 180° C, 
but it passes into the gaseous state long before it reaches its 
boiling-point, appearing as a violet vapour of exquisite colour. 
Its density in the solid state at 17° C. is 4*948, and in the gaseous 
condition 8*716. 

Iodine is less soluble in water than bromine, one part of water 
dissolving '007 of its weight of iodine. 

This element bears a strong general likeness to the two pre- 
ceding elements in its chemical characters; it also resembles 
them in odour, &c. Its chemical affinities are, however, weaker 
than those of bromine, and it is displaced from its combinations 
by that element, just as bromine itself is expelled by chlorine. 

IV. FLUORnrEssF. The non-metallic element, or salt-radical 
fluorine, has not yet been isolated. 
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Bodies which in combining with Hydrogen lose nothing of their 

add character. 



Name. 


Symbol. 


Equi- 
valent. 


Colour. 


Specific 
grarity. 


Melting- 
point. 


Boiling- 
point. 


Chlorine . . 

Bromine . . 
Iodine. . . . 


CI 

Br 
I 


35-5 

80- 
126- 


' v.* green- 
ish yellow 
L. yellow 

rV.red 

\ L. red-brown 

r V. violet 
1 S. blue-black 


V. 2-44 
L. 1-33 

V. 5-39 1 
L. 2-966; 

V. 8-716 1 
S. 4-948 , ' 


• • • 

• • • 

-22*^ C. 

107° 


• • • 

• • • 

63° 
180° 



SUBDIVISION n. 
OXYGEN, SULPHUR, SELENIUM, TELLURIUM. 

All these substances are known, and can be easily isolated ; 
the two former in feet occur in great abundance, and nearly pure 
in nature. They are very slightly inferior to the former group 
in their power of xmiting with the basic elements, and when thus 
combined, they form compounds which are difficult of decompo- 
sition. The first member of this subdivision, oxygen, is a gas ; 
the other three are solids, at common temperatures. As a family, 
they bear almost as strong a resemblance to each other as do the 
members of the first subdivision. One remarkable feature, how- 
ever, must be noticed with regard to oxygen and sulphur, the 
two most abundant elements of this group, — ^bodies whose pro- 
perties have been very thoroughly investigated. These elements 
enjoy the power of combining, not only with basic elements, but 
also with nearly aU bodies of their own class : oxygen, e, g,, forms 
chemical compounds with every known simple substance except 
fluorine, and when it combines with an acid element, the resulting 
compound, as might naturally be expected, possesses in a marked 
degree the characteristic acid properties of its two constituents. 

I. OxYGEK"=0. The non-metallic element, or salt-radical 
oxygen, is a gas at all known temperatures and pressures. 

♦ V.= vapour; L.= liquid; S.= solid. 
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The great reservoir of this gas is the atmosphere, of the total 
volume of which it constitutes one-fifth ; and by reason of its 
power of combining with every other known element, fluorine 
only excepted, it is also an abundant constituent of the earth's 
crust. It is the presence of this substance which fits the air for 
the support of animal life : the pure gas inhaled into the lungs 
does not prove poisonous. 

The simplest method of isolating this element is by heating 
some compound in which it exists not very closely combined, for 
the action of heat is often one of decomposition ; and thus if we 
select a combination of mercury (Hg) with oxygen (0), oxide of 
mercury (Hg^O) in fact ; or of silver (Ag) with oxygen (0), oxide 
of silver (Ag^O) ; we shall find that these bodies will split into 
metal on the one hand, and into oxygen gas on the other, by the 
simple elevation of temperature. If we employ a still higher 
degree of heat, other oxides, such as that of manganese (Mn^O^), 
will be found to part with a portion of their oxygen. But the 
most usual method is to heat the substance known as chlorate of 
potassium (KCl O3), which is a compound containing the basic 
element potassium (K), united to an acid body called a compound 
salt-radical, and composed of two acid elements, namely, chlorine 
(d) and oxygen (0), in the proportion of three equivalents of 
oxygen to one equivalent of chlorine. This compound is called 
anhydrous chloric acid, or chloric anhydride. When chlorate of 
potassium (Kd O3) is heated, the 30 are expelled, and the com- 
pound called chloride of potassium (KCl) remains, according to 
the following equation — 

KCl 03= KCl -I- 30. 

This is the method which the student should employ in the 
preparation of this element. The following properties of oxygen 
gas are to be noticed : — 

(a) It is without colour and odour, and does not perceptibly 
dissolve in water. 

(j3) It does not exert a bleaching power like chlorine. 

(y) A taper or match just blown out, but with the wick still 
glowing, is immediately rekindled when plunged into this gaa, 
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and bums with much increased brilliancy and rapidity; this is 
the most common test for the presence of oxygen. 

(5) A piece of sulphur (8), ignited in the air, bums with 
much increased brilliancy when placed in this gas. The same 
effect is observed, though in a still more marked degree, in the 
case of phosphorus (P). Carbon (C), too, bums with great 
energy, and so also does the metal iron (Fe), when plunged while 
red-hot into a jar of oxygen. 

The specific gravity of oxygen gas is 1*1057. It is slightly 
soluble in water, 1 volume dissolving '035 of a volume of the gas ; 
this very trifling solubility does not interfere with its being col- 
lected over water, which is by £ar the most convenient method of 
storing gases. In the free state it is not so energetic a chemical 
agent as chlorine and its congeners, at least at common tempera- 
tures, a few rare cases excepted ; but when its temperature is 
raised, it combines with both basic and acid elements with perhaps 
greater energy than chlorine itself, and forms compounds of similar 
or nearly equal stability. These compounds are readily produced 
by heating the substance whose combination with oxygen we are 
desirous of obtaining, before their introduction into that gas ; a 
union immediately begins, the temperature of the heated body is 
very much augmented, and a brilliant light is frequently kept up 
until the supply either of the oxygen or of the substance intro- 
duced is exhausted. Very striking effects are obtained by the 
combustion of heated iron, sulphur, carbon and phosphorus in 
this manner. 

U. SxjLPHXJBs=S. The non-metallic element, or salt-radical 
sulphur, is a solid at ordinary temperatures. 

This element is met with, uncombined, in extensive deposits 
which aboimd in volcanic districts ; its great European source is 
Sicily. It is also largely diffused through the earth's crust in 
combination with various metals, and occurs in almost all waters 
in the form of sulphates, and in some springs as sulphuretted 
hydrogen (H, S). The great abundance of sulphur in the im- 
combined state renders it almost wholly unnecessary to extract 
it from any of its compounds ; it is, however, sometimes ob- 

c 
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tained as a kind of bye-product in the manufacture of other 
substances. 

Native sulphur is purified by simple distillation, and then sent 
into commerce. The student should observe with this substance : 

(a) Its physical properties, colour, Visibility, and volatility. 

(/3) Its power of combining, when heated, with the atmospheric 
oxygen. 

(y) Its power of combining with metals (such as copper [Cu]) 
when they are plunged into its vapour. 

The specific gravity of sulphur in its ordinary solid form is 
2-087; it melts at 120° C, and boils at 440^ becoming at that 
temperature a transparent gas of an orange colour, with a specific 
gravity of 6-654. Between, however, the temperatures of melt- 
ing and ebullition, sulphur undergoes very peculiar changes of 
consistence, becoming up to the temperature of 260° C. more 
viscous, instead of more fluid, with each augmentation of heat. 
If sulphur thus heated be suddenly cooled, it presents none of 
the original features of the substance before fusion, as seen in 
the following comparison. Ordinary sulphur is yellow, this is 
brown : ordinary sulphur crystallizes well either in acute rhombic 
octahedra or in long rhombic prisms, while this presents no 
trace of crystalline structure: ordinary sulphur is extremely 
brittle, this is as elastic as india-rubber. The present instance' 
is the first which has been hitherto brought under the student'^ 
notice of an element existing in two forms or distinct states, but 
some of the elements shortly to be considered exhibit this pecu- 
liarity even more distinctly. To this phenomenon the term 
allotropy has been assigned. There are several other aUotropic 
modifications of sulphur in addition to those just described. As 
a chemical agent sulphur is less energetic than oxygen, but it 
must not be forgotten that the solid form in which it usually 
exists is an obstacle to powerM chemical action ; this is shown 
by the fact that sulphur in the gaseous condition combines ener- 
getically with many metals, which become red-hot in the act of 
combination ; it can be considered therefore only slightly inferior 
to oxygen in chemical energy. 
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m. SELEKiT7Ms=Se. The non-metallio element, or salt-rodical 
selenium^ is of comparatiyely rare occurrence; in most of its 
physical and chemical properties it strongly resembles sulphur. 
Its ordinary form is that of a reddish-brown solid, with a some- 
what metallic lustre. It fuses at 100^ C, and if heated beyond 
this point and suddenly cooled, 3delds a viscous allotropic modi- 
fication similar to that of sulphur. Selenium boils at a low red 
heat, and is converted into a yeUow vapour. In its chemical 
properties it resembles sulphur still more closely, if possible, than 
in its physical characteristics. 

lY. l^LLntnjMssTe. The non-metallic element, or salt-radical 
tellurium, is even rarer than selenium ; it occurs in nature com- 
bined with certain metals. In its physical properties it assimi- 
lates closely to the basic elements, but in its chemical tendencies 
it is allied to sulphur and selenium. It is white with a metallic 
lustre, crystalline, brittle, and has a density of ^-2, It is rather 
more fusible than antimony, and volatilizes at a red heat. 

Bodies, the acid (Procter of which is mashed hy combination with 

Hydrogen, 



Name. 


Symbol. 


Equi- 
valent. 


Colour. 


Specific 
gntTity. 


Melting- 
point. 


Boiling- 
point. 


Oxygen ... 
Sulphur... 

Selenium.. 
Tellurium. 




s 

Se 
Te 


16- 
32- 

79- 
128*4 


(colourless) 
\ L. yellow 

Is. J 

r V. yellow 
\ S. red-brown 

dull white 


V. 1-1057 

rV. 6-654 
1 S. 2-087 

} S. 4-3 

6-26 


• • • 

jl20°0. 

100° I 

flow red 
1 heat 


• • • 

440° 

low red 
heat 

red 
heat 



SUBDIVISION m. 
CARBON, BORON, SILICON, tantalum, niobium, pelopium, 

TITANIUM. 

The first three bodies are all known in the isolated state; 
they are comparatively destitute of afllnity for the basic elements ; 

c2 
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carbon, however, is an exception, as it has a very powerful ten- 
dency to unite with hydrogen, a union which takes place in 
many proportions ; it also combines with the metals. They all 
combine with oxygen, like the members of the two preceding 
classes, to form compound salt-radicals or acid bodies. In many of 
their characters these three elements bear a strong family resem- 
blance to one another. They are all solids. The remaining four 
elements of this group are of very rare occurrence. 

I. Cabbon=C. The non-metallic element, or salt-radical 
carbon, is a solid at ordinary temperatures. 

There is no element which enters into so large a number of 
compound bodies as carbon. It forms a great part of the organic 
world, the animal and vegetable kingdoms ; and organic chemistiy 
includes the history not only of all the compounds of carbon 
occurring in nature, but also of a countless host of such com- 
pounds produced from time to time by artificial aid. Carbonic 
acid (COj), a combination of carbon and oxygen, is the great 
reservoir of this element ; and just as marine plants withdraw 
iodine (I), as we have seen, from sea- water, so does terrestrial 
vegetation remove carbonic acid (CO^) from its reservoir the at- 
mosphere (in which, however, it exists in small proportion), de- 
composes it, and accumulates the carbon in various forms of com- 
bination with hydrogen, nitrogen, and oxygen. Since many 
animals live on plants, and carnivorous animals prey on the her- 
bivorous, the whole organized world is thus supplied with the 
necessary carbon. The carbon is restored to the atmosphere by 
various processes of civilized life, but especially by the respiratory 
process going on in the animal organism. The great deposits of 
coal which occur in many psuis of the earth's crust are chiefly 
combinations of carbon with hydrogen, but they also contain some 
nitrogen, oxygen, and small quantities of other bodies ; they result 
from the gradual decomposition of vegetable matters out of con- 
tact with air. 

Carbon, as it usually occurs, is in^ible, inodorous, and cannot 
be distilled. It exhibits allotropy in a more marked degree even 
than sulphur or selenium, occurring in three very distinct modi- 
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fications. The first form, known as diamond, is transparent — ^the 
hardest of all bodies — ^and magnificently crystalline, the crystals, 
which are octahedra, having a density of 3*35 : in the second 
condition carbon presents itself in the form of hexagonal plates, 
of blnish-black metallic Instre, sofb and unctuous to the touch, 
.with a specific gravity of 1*9 to 2*3 ; this second form is known 
as plumbago, black-lead, and graphite ; while the third variety 
is densely black, without lustre or any trace of crystalline struc- 
ture; it occurs in numerous varieties of anthracite, charcoal, 
jet, and gas-coke, and in soot, lamp-black, &c. In this third 
form carbon has a specific gravity varying greatly in different 
cases. The first variety, or diamond, is termed a-carbon ; the 
second, j3-carbon ; and the third, y-carbon. 

The peculiar characteristics of the different kinds of carbon 
mentioned above are well known: the great brilliancy of the 
diamond^ — ^the unctuous feel of graphite, — the rich black and con- 
siderable hardness of jet, anthracite, or cannel coal, — the dense, 
heavy and compact structure of the coke -from gas-retorts, — the 
veiy Hght spongy texture of wood- charcoal, and the pulverulent 
lamp-black, are familiar to every one. There is, however, one 
property which the student should observe vrith regard to wood- 
charcoal especially, viz. its power of absorbing and retaining gases ; 
one volume of this substance absorbing of ammonia, for instance, 
90 volumes ; of carbonic acid, 35 ; and of oxygen, 9 volumes. 

As a chemical agent carbon has little power, possessing as . it 
does, but a slight tendency to combine with other elementary 
bodies, oxygen and sulphur excepted. The chemist has therefore 
little influence in effecting artificial combinations between carbon 
and other bodies directly. Nevertheless there is no element 
which plays a more active or universal part in the chemistry of 
nature than carbon. 

n. BoEON=Bo. Of the non-metallic element, or salt-radical 
boron, but little was known until recently. It resembles carbon 
in being tasteless and odourless, and in being, if at all volatile, 
but doubtfully so. Boron differs from carbon by being soluble to 
a slight extent in water, and by not forming compounds with 
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hydrogen, hydrogen and oxygen, or hydrogen, oxygen, and nitro- 
gen (N), in the same way as carbon. It occurs in nature com- 
bined with oxygen. Boron, like carbon, may be obtained in three 
distinct forms. The first variety, or diamond of boron (a-Bo)> 
is a brilliant and extremely hard substance, crystallizing in acute 
octahedra; the second resembles graphite or plumbago most 
closely in its appearance, and is termed grapMtoidal boron, or 
(/3-Bo), while the third variety has no trace of crystalline struc- 
ture, but is a soft brown powder (y-Bo). 

m. SiLicoNs=Si. The non-metallic element, or salt-radical 
silicon, has been recently investigated. In most of its properties it 
resembles boron, and like that element, occurs in three aUotropic 
forms, the octaJiedral, the graphitoidal, and the amarpTiaus. 

TV. The other four bodies which are placed in this group, on account 
of a certain resemblance which they bear to silicon in some physical 
and chemical characters, are of very rare occurrence ; titanium is met 
with more frequently than the others. They stand, together with yana- 
dium, molybdenum, tungsten and arsenic, on the neutnd ground between 
the basic and acid elements. 

Bodies which lose their acid character corrvpletely by combination 

with Hydrogen. 



Name. 



Carbon 



Symbol. 



c 



Boron. 



Silicon 



Bo 



Equi- 
valent. 



12 



Si 



11 



G<doar. 



Spedfic 



22 



D.* (colourless) 
G-. metallic blue- 
black 

A. black 

B. (colourless) 
G*. metallic blue- 
black 

A. black 

B. (colourless) 
G*. metallic blue- 
black 

A. brown 



B. 3-3 to 3-5 

G. 1-9 to 2-3 

A. ? 

B. ? 

G. ? 

A. ? 

B. ? 

G. 2-49 
A. ? 



* D. refers to the diamond form of the element; Q-. \o i^ graphitoidal ; 
A. to the am/yiphovs. 
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SUBDIVISION IV. 
NITROGEN, PHOSPHORUS, ARSENIC, ANTIMONY. 

These four bodies form a very peculiar group, the members of 
which are linked together by close chemical similarities, although 
differing greatly in their physical character : nitrogen, for in- 
stance, is a gas which has never been condensed ; phosphorus is 
a solid occurring in two allotropic forms ; and arsenic is a sub- 
stance frequently classed among the metals. For the true metallic 
elements these substances have little aflSnity, although they do 
combine with some of them, especially with the more energetically 
bamc ; but for hydrogen they have a greater chemical attraction, 
uniting with three equivalents of that substance to form gases 
which partake in a greater or less degree of the basic character 
of the hydrogen. Perhaps the most striking compounds they 
3deld are those vrith oxygen, vrith which element these radicals 
unite in several proportions ; the combinations which contain 
three or four equivalents of oxygen being most energetic compound 
acid-radicals. 

I. NiTE0GEN=N. The non-metallic element, or salt-radical 
nitrogen, is a gas at all known temperatures and pressures. 

It forms four-fifths of our atmosphere, in which it is com- 
monly said only to subserve the end of diluting the oxygen, and 
preventing it thus from exerting too violent an action on the 
animal respiratory organs, and the processes of combustion which 
are continually taking place upon the earth's surface ; but it is 
probable that it plays another very important part in nature's 
economy, and that the vegetable world has the power of with- 
drawing it in some manner from the atmosphere, and consoli- 
dating it in the various organisms in which it occurs combined 
with carbon, hydrogen, and oxygen. 

This element is prepared directly from the air, in which it 
exists merely mechanically mixed, not chemically combined, with 
oxygen, by removing the latter ; this is done by the introduction 
of a substance capable of combining with the oxygen, leaving 
meanwhilo the nitrogen unabsorbed; there is no difficulty in 
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finding such an agent. If the metal copper (Cu), e.g., be heated 
in a tube and atmoepheno dr passed over it, the copper with- 
drawa the oxygen, so that the gas 
collected at the delivery-tube is pure ^' ' 

nitn^ien. Or, again, if a portion of 
air be confined in a jar over water and 
a piece of sulphur (8) or phosphorus 
(P), contained in a cup floating ou 
the liquid, be ignited by a red-hot 
wire, the sulphur or phosphorus in 
burning combines with the oxygen, 
leaving the nitrogen free : the oxygen 
compound of sulphur (or phosphorus) 
formed is absorbed and dissolved by 

the water. By tins second method the student had better pre- 
pay some nitrogen, and notice — 

That any substance which bums in the atmosphere ia imme- 
diately extinguished upon being plunged into this gas, simply 
because it is no longer in contact with an element with which it 
can combine. 

The gas nitrogen has a specific gravity of -972; it is less 
soluble in water even than oxygen, water dissolving only -016 of 
its volume. Its chemical actions in the free state are so feeble, 
that nitrc^n is commonly chosen as the type of chemical indif- 
ference ; the elements for which it seems to have considerable 
affinity are potassium (E), sodium (Na), ftc., hydrogen (H), 
carbon (C), and osjgen (0) ; but unlike most of the other ele- 
ments which have passed under feview, nitrogen is not known to 
combine with any other element directly ; the only exceptions to 
this behaviour are in the cases of titanium (Ti), and perhaps of 
boron (Bo). Titanium combines with nitrogen with the utmost 
avidity, precisely in the same way as the metals with oxygen or 
chlorine, &c. 

n. Pho8phobus=!P. The non-metaUio element, or salt-radical 
phosphorus, is a solid at the ordinary temperature. 

Phosphorus, oxidized as phosphoric acid, is very widely dis- 
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tributed throughout nature, although it occurs in small quantities. 
It is found in most rocks and soils ; from thence it passes into the 
various vegetable organisms, these in their turn supplying it to 
animals, to whom it is strictly essential for the formation of their 
skeleton. 

The bones of animals, which contain, after calcination and 
removal of the organic constituents, 77 per cent, of phosphate of 
calcium, constitute the great source whence phosphorus is ob- 
tained. They are digested vdth sulphuric acid (R^ SO^), which 
removes the greater part of their calcium as sulphate of calcium 
(CajSO^), leaving an acid phosphate of calcium (CaHjjPO^). 
This, when thoroughly dried and then ignited, is intimately mixed 
with one-fourth its weight of wood-charcoal, the mixture being 
afterwards placed in an earthen retort and strongly heated. Part 
of the oxygen of the phosphate of calcium is removed by the 
carbon, and phosphorus distils over. The annexed equation ex- 
presses this decomposition symbolically : — 

4(CaP03)+5C=5C0+Ca,P3 0,+2P. 
Air is of course carefdlly excluded in this experiment. 

The student should examine the following properties of phos- 
phorus : — 

(o) Its "phosphorescence," the lambent greenish-blue light 
which it exhibits when exposed to the air in a dark place. 

(/3) Its ready fasibiUty : for this purpose a small piece should 
be placed in a flask, then be covered with water, and afterwards 
heated gently. 

(y) Its ready inflammability when heated in the air. 

(Z) Its inflammability even under water, if melted and sup- 
plied with sufBLcient oxygen. For this experiment a few small 
pieces of phosphorus are to be placed at the bottom of a beaker in 
contact with some crystals of chlorate of potassiimi (KCl O3) (a 
salt which was mentioned when treating of oxygen). The frag- 
ments axe then to be covered an inch or two deep with water, 
and afterwards sulphuric acid (H^SO^) poured upon them by 
means of a fdnnel-tube, so as to reach the chlorate before dilu- 
tion with the water. The chloric acid thus set jfree (HCIO3) 

c5 
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being a body which parts readily with its oxygen, is at once de- 
composed by the phosphorus, which bums vividly with formation 
of phosphoric acid. 

Phosphorus, as it usually occurs, is a solid having the density 
of 1-83 ; it melts at 44° C, and boils at 290°, forming a vapour 
the density of which has been found to be 4*355. Phosphorus is 
insoluble in water, but excessively soluble in bisulphide of carbon 
(CSj). Its aflinity for oxygen is so very great, that if exposed to 
this gas it gradually combines with it, becoming converted into 
oxide ; and if the temperature be but slightly raised, this affinity 
increases so greatly that the phosphorus enters into combustion. 
This element presents the peculiarity which has been stated to 
belong to sulphur, carbon, boron, and silicon, namely, that of 
allotropy, and which oxygen also probably presents, since ozone 
seems to be only a modification of that element. If the ordinary 
phosphorus is exposed to a heat of 215° — ^250° C. out of contact 
with the air, it becomes converted into the second variety (/3-P), 
which, by further heating to the temperature of 260° C, may be 
reconverted into the original form. The differences between these 
two forms of the element are these :— ordinary phosphorus (a-P) 
is a wax-like solid, translucent aiid nearly colourless ; its specific 
gravity is 1*83, and it combines with oxygen at 75° C. with in- 
fiammation, and is phosphorescent at ordinary temperatures; 
while the second variety (/3-P) is a red uncrystallizable solid with 
an almost metallic lustre on the fractured surfSeu^, vdth a specific 
gravity of 2'089, and admitting of exposure to atmospheric air 
without combining with its oxygen, unless heated to 260°, the 
point at which the ordinary modification is regenerated; it is 
not in the least degree phosphorescent. A third variety of phos- 
phorus (y-P) has been obtedned by heating ordinary phosphorus 
considerably higher than its melting-point, and then suddenly 
cooling it. In this state it is black, but wiU recover its former 
translucence, &c. when fused and slowly cooled. 

m. Aesenic=As. The non-metallic element, or salt-radical 
arsenic (for so we may venture to call it, although since it has some 
claims to be considered a basic element we have already, in Chap. 
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n.; mentioned it among those bodies), is a solid at the ordinary 
temperature. 

Arsenic is sometimes found in a pure state in nature, but more 
frequently associated with metals, such as iron (Fe), copper (Cu), 
nickel (Ni), cobalt (Co), &c. ; it is obtained in the form of an 
oxide by heating these compounds in a current of air, and from 
this the arsenic is separated by the action of carbon. 

The student should observe — 

(a) The volatility of this substance, and its peculiar physical 
characterislics, and particularly its garlic odour. 

(P) Its ready conversion into a white crystalline sublimate 
(ASaOj), when heated in a current of air. 

Arsenic has a metallic appearance, vdth a steel-grey lustre. 
It crystallizes in tetrahedra, and is very brittle. Its density is 
5*75 in the solid form, 10*39 in the gaseous. It volatilizes at 
300° C. It is tasteless, insoluble in water, but soluble in hydro- 
chloric acid (HCl). When powdered arsenic is thrown into a 
jar of chlorine gas, it combines with that gas, forming chloride of 
arsenic (AsClj). Arsenic combines very readily with hydrogen 
to form arseniuretted hydrogen (AsHg), but does not seem 
capable, like nitrogen, of forming a stable compound containing 
another equivalent of hydrogen, together vdth one equivalent of 
some such acid radical as chlorine, in which compound the group 
*YH^ plays the part of a powerM basic radical. Some arsenic 
compounds have indeed been obtained formed on this type, but 
they are in general very unstable. 

IV. AKTiMoinr=Sb. This substance, which has already been 
noticed among the basic elements, may also be regarded as a body 
possessed of acid characters. In its combinations it closely re- 
sembles arsenic, and forms with hydrogen an analogous compound, 
antimoniuretted hydrogen (SbHg). Antimony is the link between 
this class of salt radicals and the basic elements, of which latter 
the metal bismuth is generally considered to present the greatest 
resemblance to antimony. 

* Y represents nitrogen, phosphorus, &o. 
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Bodies which acquire a basic character by combining tvith 

Hydrogen, 



Name. 


Symbol. 


Equi- 
valent. 


Colour. 


Specific gravity. 


Melting, 
point. 


Boiling- 
point. 


Nitrogen 


N 


14- 


(colourless) 
C a. white 


•972 
V. 


• • • 


... 


Phosphorus .. 


P 


SI- 


• /3. red 
y. black 


a fa. 1-83 
*• 1 jS. 2-089 


a, 44-2 1 
i3.250- j 


290« 


Arsenic 


As 


TS- 


steel-grej 


rV. 10-391 

■ S. 6-75; 


• • • 


300° 


Antimony ... 


Sb 


120-3 


white 


6-71 


4-30 


'white 
heat 



CHAPTER IV. 

THE LAWS OF CHEMICAL COMBINATION. 

The two great classes of elements with which the student has 
now become acquainted have the most powerful attraction for 
each other ; they combine together, and in so doing are said to 
exercise mutual chemical aflSnity. When hydrogen (or any other 
basic element) unites with oxygen (or any other acid element), 
the properties which these elements possessed previous to their 
combination are nullified, and in the compound produced we no 
longer recognize the characters of its components. The extent of 
this neutralization varies with the nature of the combining bodies, 
and is more or less perfect as the elements concerned occupy more 
or less completely corresponding positions in their respective 
scales. Thus when potassium combines with chlorine, or sodium 
with bromine, or barium with iodine, or calcium with fluorine, or 
iron with sulphur, or hydrogen with oxygen, substances are pro- 
duced which are said to be perfectly neutral, since in them no 
indication of the specific properties of the basic or acid constituent 
can be observed ; but if a body at the summit of the basic scale 
be united with one low in the opposite list, or vice versd, then the 
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properties of the more energetic element are found to predominate 
over those of the weaker, and the resulting compound exhibits 
either basic or acid properties: the two classes of such com- 
pounds, which are particularly abundant, are by an unfortunate 
nomenclature termed bdses and acids, on account of their ex- 
hibiting, for the reason above given, either basic or acid proper- 
ties ; they are the combinations which oxygen produces with the 
metals, and hydrogen with the salt-radicals. 

The doctrine of depinitb peopoetions lies at the very founda- 
tion of the science of chemistry, and when any two elements are 
said to combine, it must be understood that they unite in well- 
defined ratios of weight and volume, which, to produce the same 
substance, are under all possible circumstances accurately the 
same. It matters not, for instance, whether hydrochloric acid 
(HCl) is produced by the simple union of its components, hydro- 
gen and chlorine, or by any more complex mode of formation ; 
1 part by weight of hydrogen will always unite with 35*5 parts 
by weight of chlorine, while the gaseous bulks of these two 
quantities of matter will be equal. Again, those quantities and 
volumes of the other elements which are capable of replacing the 
hydrogen or the chlorine respectively in the typical compound hy- 
drochloric add (HC3.) which we have chosen, are equally constant, 
and when once accurately determined, serve for ever as indubi- 
table fEicts upon which to build the superstructure of chemical 
reasoning : the annexed list shows this clearly : — 



Formula. 

Hydrochloric acid HCl 

Chloride of sodium NaCl 

Hydrobromic add HBr 

Bromide of sodium NaBr 



Proportion by Weight. 
H = 1 CI =35-6 
Na=23 CI =35-5 
H = 1 Br=80 
Na=23 Br=80 



Proportion by Volume. 
H=l Cl = l 
Na=l Cl = l 
H =1 Br=l 
Na=l Br=l. 



The term equivalent, or combining proportion, is applied to 
the quantities which thus enter into these most simple combina- 
tions ; and in compounds more complex than these, the law of 
definite proportions stiU holds good ; for if the elements exist 
in larger quantity, that amount is invariably found to be some 



38 



CHEMICAL REACTIONS. 



multiple of the original combining proportional, or to bear some 
simple relation to it. 

But it must be observed that certain acid elements combine 
with 2, others again with 3 equivalents of basic element: 
such are the elements oxygen, sulphur, selenium and tellurium, 
which combine in the proportion of 1 volume or 1 equivalent 
with 2 volumes or 2 equivalents of hydrogen, sodium, &c., and 
are consequently sometimes called biatomic, from their bemg thus 
equal to two combining proportions of chlorine or its con- 
geners ; while the members of a third class of acid elements, as 
nitrogen, phosphorus and arsenic, unite in the proportion of 
1 volume or 1 equivalent with 3 volumes or 3 equivalents of 
basic element, and are said to be triatamic, that is, equal to 
3 equivalents of chlorine, bromine, &c. The nature of the com- 
binations which the second or biatomic class of acid elements 
forms, is exemplified in the following Table : — 



Fonnula. 
Water, op oxide of by- 1 j^ q 

drogen J 

Oxide of cadmium Cd^O 

HjdroBulphurioacid ... H, S 
Sulphide of mercury . . . Hg, S 



Proportion by Weight. I Proportion by Volume. 



Hj = 2 0=16 

Cda=112 0=16 
Hj = 2 8=32 



a, =2 0=1 

Cd3=2 0=1 
Hj =2 8=1 



Hg2=200 8=321 Hga=2 8=1. 



When these combinations take place, if the body produced re- 
mains a gas, it is found to be condensed to ^rds the volume of its 
gaseous constituents, i, e. the 3 volumes of which it was composed 
occupy, after combination, the space of only 2. 

The combinations formed by the members of the third class of 
acid-radicals, those to which the name "triatomic" has been 
assigned, are shown below ; thus — 



Formula. 

AimnoniA H3 N 

Phosphide of copper Cu, P 
Arsenide of nickel ... Ni, As 



Proportion by Weight. 
H3 = 3 N =14 
Cu3=96 P =31 
Ni3=88-6 As=75 



Proportion by Volume. 
H3 =3 N =1 
Cu8=3 P =1 
Ni,=3 As=l. 



When it is possible to examine this third class of compound sub- 
stances in the gaseous state, its members also are found to have 
suffered condensation, and that to one-half the gaseous bulk of 
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their components : thus the 2 volumes of the condensed com- 
pound contain the 4 volumes of which it is composed. 

In this manner we find three series of bodies remarkable in 
their relations of weight and volume. 

1st series : suffers no condensation in combination, — 



2 vols. 



remain 



2 vols. 



H 


01 



H 



a 



2nd series : suffers a condensation to two-thirds, — 

3 vols. become 2 vols. 



H H 



H, 






3rd series : suffers a condensation to one-half, — 

4 vols. become 2 vols. 



F 


H 1 H N 



H3IN 



The different saturating power possessed by the three classes 
of these acid elements, and shown by the formulae given above 
(HCl, HjjO, H3N, &c.), is not confined to them alone, but is 
manifested, as will be seen presently, in numerous compound 
molecules, which present analogous features, and are capable of 
replacing the simple bodies just alluded to. 

The term "salt" is generally appUed to those of the above 
combinations in which the properties of the constituents are com- 
pletely, or nearly completely masked and merged in those of the 
new substance, which is thus in every way dissimilar from its 
components ; thus the combination of potassium aud chlorine, or 
sodium and iodine, gives rise to substances in which no property 
of the component elements is retained ; the metal in each case 
has lost its metallic character, and has no longer any tendency to 
combine with a ftirther quantity of the acid element, while the 
salt-radical has entirely parted with its odour and its distin- 
gmshing chemical properties, and cannot be expelled from the 
combination into which it has entered by the application of the 
highest temperature. The compounds formed in either instance 
being soluble, are also found to have acquired the peculiar taste 
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which is well known as ** saline," and are no longer such power* 
fill chemical agents as their uncombined constituents. 

The remarks now about to be made apply chiefly to that class 
of bodies in which the opposed elements which constitute the 
salt are united simply in the relation of their saturating power, for 
to these the term " salt" or " saline combination" is almost ex- 
clusively applied; water (H^O), for example, is not the only 
oxide of hydrogen ; there is another, the peroxide of hydrogen 
(H^Oj), in which it will be observed that the double biatomic 
molecule 0^ (02= H^) is only combined with the double monatomic 
molecule of hydrogen, B^; the compound HgO^ cannot therefore 
be said to contain the elements hydrogen and oxygen in the 
simple relation of their saturating power, at least as that has 
been determined by such observations as those just detailed. 
Cases of combination of this nature will be presently adverted to. 
With regard, however, to this simplest class of compounds now 
under consideration, the perfect neutralization of the chemical 
properties of their constituents only holds good, as was just now 
stated, when the intensity of the antagonism of the two bodies is 
nicely balanced ; but regarded theoretically, the constitution of a 
salt does not depend upon the nice adjustment of this equilibrium, 
it simply requires the imion of an acid with a basic element ; and 
viewed in this light, the combinations of oxygen with metals, or 
of hydrogen with scdt-radicals, are true saline compounds, al- 
though with the more basic metals the feebly acid character of 
the oxygen is more than counterbalanced, and the compound 
remains basic, while the intensely acid character of the more 
powerful salt-radicals overcomes the weak basic properties of the 
hydrogen, and such combinations are therefore found to be acid. 
To illustrate these facts, and to exhibit the diflferences incident 
upon the varying apportioning of basic and acid element, the 
following cases are given : — 

Clafis I. Class 11. Class III. 

Basic ? K,0 H3N 

Neutral NaCl K,0 ? 

Acid Ha ? ? 
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In the first of these classes the compound with preponderance 
of base is wanting^ because the intensely powerful acid element 
is capable of completely neutralizing the most energetic basic 
element; in the second class, the acid compound is deficient, 
because the less powerful acid element is incapable of effecting 
more than the neutralization of a less energetic bcusic element, 
hydrogen ; in the third class, the very weak acid element is in- 
capable even of the neutralization of the basic constituent, hydro- 
gen, and consequently both the acid and neutral compounds are 
absent ; at least it is probable that such is the case, although the 
inertness or insolubility of the members of this series (Ag, P, H, As, 
&c.) does not allow accurate observations of their relations to 
neutrality to be made. 

Hitherto we have been regarding the multiplication of satu- 
rating power on the part of the add elements only, but the same 
thing occurs also in the case of many basic elements. Two in- 
stances, those of the metals iron and copper, wUl suffice to show 
this, the comparison being made in each case with salts of the 
same acid-radical, and in which the monatomic molecule of the 
metal is supposed to exist either singly or multiplied. 

SALTS OF raoN. 

Chloride. Oxide. Phosphide. 

Ferrous* FeCl Fe^O Fcg P ? 

Ferric Fe.Cl, (Fe.^O, (Fe,), P,. 



SALTS OF COPPEB. 

Chloride. Oxide. Phosphide. 

Cuprous ....Cu^Cl (Cii2)aO (0112)3 P 

Cupric CuCl Cu^O CU3P. 

* It has been proposed by some chemists to assume, in the case of iron 
and of several other metals, two different atoms or equivalents, each oonbining 
with the same weight of chlorine, &c., but themselves possessing a different 
weight. For instance, some have even said that the iron of a ferrotcs was not 
the same metal as the iron of a ferric salt : in the iBrst case it would have the 
usual equivalent or atomic weight of 28, and in the second, the atomic weight 
18*66, that is, frds of the first atom. The two molecules are respectively 
called ferrosum (Fe) and ferricum (fe), and are each equivalent to 1 atom of 
hydrogen, being each capable of combining with 1 atom of cfallorine. Viewed 
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From the above Table it will be seen that the conventional ex- 
pression for that salt which contains the greater number of equi- 
valents of the bcusic, and the less number of equivalents of the 
acid element, is -ot«9 salt, the other being termed the -ic salt. 

But when we pass beyond the cases just cited, and examine 
the characters of compounds in which the basic element is com- 
bined with a yet larger quantity of the acid-radical, we find that 
the new compound is no longer neutral, but partakes of the acid 
clmracter of the preponderating element. Thus, when in the 
union of chromium or iron with oxygen, the oxygen amounts to 
two equivalents, we find the new body possessing powerfully acid 
properties, and capable of uniting as a compound acid- (i, e, salt-) 
radical with hydrogen or the metals, thus — 

HCrOj chromic acid. KCrO^ chromate of potassium. 
HPeOj, ferric acid. KFeO^ ferrate of potassium. 

It must not be supposed that two equivalents is the largest 
quantity of oxygen that a compound acid-radical can contain: 
permanganic acid, for instance, is the hydrogen salt of a radical 
containing four equivalents of oxygen, thus — 

HMn, 0^ permanganic acid. KMn^ 0^ permanganate of potassium. 

A precisely similar result occurs when, on the other hand, 
there is a preponderating number of equivalents of basic element 
in a compound. The compound radical ammonium, containing 
one equivalent of nitrogen and four of hydrogen, partakes in a 
striking manner of the basic properties of the hydrogen, which 

in the light of this theory, the ferrous chloride remains FeCl, while the ferric 
chloride becomes feCl ; and so on with the various oxides. 

To the beginner this may perhaps be elucidated thus : — 

FeCl and FejOlg are not comparable, but 3(FeCl) or FegClg is the tru^ 
chemical representative of Fe, Clg. 

Therefore, Fog is equal in saturating power to Fe^, for Fe3=28x3, and 
Fea=28x2 are each equal to Cl3=36-6x3: 

Therefore, say some, the metals are different and have different equivalents, 
which may be obtained by dividing each formula by 3, — 

?^=FeCl; and ?f^=KFe)Cl; 
then Fe=?28, and fFe or fe=18*66, are each equivalent to Cl=:35'5. 
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constitates so large a proportion of the compound ; and it is found 
to play the part of a base almost as energetically as potassium or 
sodium, combining with the acid-radicals to form very stable salts, 
the salts of ammonium. 

From the capability of the basic elements of combining with 
every acid element, and vice versd, whether the opposing ele- 
ments are unequal or equal in intensity of antagonism, results 
that large class of chemical changes known as *' double decom- 
positions." They arise in many instances from bringing together 
a pair of salts the constituents of which are not well apportioned 
to each other, but which, by an interchange of their basic and 
add elements, would become exactly, or at least more nearly ba- 
lanced in antagonism : let us take an extremely simple instance : 
—oxide of sodium or soda (Na^O) is a salt in which the basic 
properties of the sodium preponderate vastly over the acid ten- 
dency of the oxygen ; chloride of hydrogen or hydrochloric acid 
(HCl) is a salt in which the precise reve^ obtains, as we have 
before seen ; now, if these compounds be mixed, the opposed 
elements of each being much more nearly the exact counterpart 
of one another, unite, forming two new compounds which are 
far more stable than those formerly existing, since the mutual 
antagomsm of their components is more perfect : — 

Na,0+2HCl=H,0+2NaCl. 
This apparent election, which bodies make when they are, as it 
were, at Uberty to choose with what they will combine, has been 
variously termed "elective affinity," "chemical affinity," and 
" chemical attraction." In reality, it is in every case the effect of 
many causes, — ^the resultant of many forces ; we cannot, how- 
ever, enter now into the details of their action, except so far as 
to state that in many double decompositions much depends upon 
insolubility, much upon volatility, and much upon mass. 

It has been lately shown that double decompositions are of 
fer more frequent occurrence in chemistry than was formerly 
imagined ; it was thought that in many cases, especially where 
the elements were concerned, direct combination took place when 
bodies of opposite chemical characters were presented to each 
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other : thus^ when chlorine and hydrogen are mixed in the sun- 
light, and hydrochloric acid (HCl) results from their nnion, it 
was imagined that a kind of combination occurred, differing from 
that mentioned just now, inasmuch as it consisted in a direct 
union of the molecules of hydrogen and chlorine. Kecent ex- 
periments, however, appear to show that the molecular arrange- 
ment of the elements is not expressed truly when written H 
and CI, but that their constitution is that of a binary molecule, 
a true salt, in fact, in which the hydrogen or chlorine, or what- 
ever the element may be, is both base and acid ; and that thus 
when HCl is formed by H and CI uniting, the action is as 
follows : — 

HH+C1C1=HC1+Ha 
Numerous instances might be adduced and proofs given, but are 
here imnecessary ; let it suffice to say that this view seems to 
give one reason why elements in the nascent state are more 
powerful agents than yhen liberated. It is argued — since the 
element has not yet united with itself to form a twin atom, 
therefore its combining tendency is still wholly unsatisfied. 

It will at once be seen that if this law of binary combination 
and double decomposition be one of those most deeply impressed 
upon matter, it is likely to prevail in the more complex chemical 
compoimds. By chemical analysis it is found, that though among 
the large number of bodies possessiug the general characters of 
salts many consist of but two elements, and those of the opposed 
classes, yet that there are many which have by no means so 
simple a constitution; these, however, participate in the same 
double decompositions as their congeners of a simpler form ; and 
so, when their " elective affinity" is allowed ftill play, we find 
that they transfer to each other their basic and acid compoundsy 
just as we have seen the simpler types of salts mutually inter- 
change their basic and acid elements. The occurrence of basic 
compoimds is rare ; the bodies of this constitution belong almost 
exclusively to the domain of organic chemistry, and the student 
will for the present have little or nothing to do with them ; with 
one, however, the compoimd base ammonium (NH^), he- will 
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speedily become acquainted ; it is a substance of great importance 
analytically^ and is, moreover, a remarkable instance of the 
manner in which the basic element hydrogen overcomes the 
feebly acid properties of nitrogen, and thus confers on their com- 
bination a basic character. The acid compounds are far more 
numerous and important, and are either produced by the union 
of the add elements among themselves, or by their combination 
with basic elements in such proportion as to allow of the pre- 
ponderance of their own properties over those of the basic ele- 
ments. It is singular also that many of these acid compounds 
result from the combination of the two acid elements, sulphur and 
oxygen, with the remaining bodies of their own class ; the com- 
position of a few such compounds is given below, with the names 
which, by long usage, have become attached to them and cannot 
be desirably removed, although they must be regarded as wholly 
apart from any theoretical considerations touching the nature and 
constitution of the bodies which they designate ; the examples are 
given as existing in saline combination with hydrogen : — 



HNO. 

Nitric add. 

H,SO, 

Sulphuric add. 

H,PO, 

Phoephoric acid. 



HCIO 
HypochlorouB acid. 

H,CO, 

Carbonic add. 



HClO, 

Chloric add. 

Ozahcacid. 



H,Cit 

Citric add. 



H3 Cfdy* 
Hydroferricjanic add. 

With regard to the nomenclature of these compounds, it may be 
as well remembered that (with one or two exceptions, as in the 
case of sulphocyanogen (CyS)), when the corrvpownd add portion 
of a binary combination contains no oxygen or sulphur, the 
termination of its own name is altered into -ide when we wish 
to designate any compound which it forms with a basic element, 
thus: — 



CNCN 


CI CI 


SS pp 


Cyanogen. 


Chlorine. 


Sulphur. Phosphorus. 


KCN 


NH.Cl 


Fe,S Ag3P 


Cyanide of potas- 


Chloride of 


Sulphide of Phosphide of 
iron. silver. 


sium. 


ammonium. 


♦ Cfdy=Fe,CeNe. 


t a^c^H^Oj. 
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An exception is here made when these acid bodies unite with 
the basic element hydrogen ; and though it is chemically correct 
to call such a compound as HCl " chloride of hydrogen/' yet con- 
ventionality demands that it be also termed "hydrochloric or 
chlorhydric acid ;" and thus with all such compounds. 

Now, if oxygen be present in the acid compound, a totally 
distinct nomenclature is adopted; these bodies combined with 
hydrogen constitute a very large section of the so-called acids, 
and receive either the termination -ic, as nitrw? acid (HNO3), or 
-ous, as hypochlorow* acid (HCIO). When the hydrogen in one 
of these groups has been replaced by another bcusic element, the 
designation that previously terminated in -ic now ends in -ate, 
and that in -ous in -ite ; as mtrate of potassium (KNO3), and 
hypochlort*6 of calcium (CaClO). From the following Table of 
the hydrogen and potassium salts of some compound acid-radicals 
which contain sulphur and oxygen, the student will perceive the 
usage and changes of these terms : — 

Hyposulphurous add Hj Sj O3 Hyposulphite of potassium K^ S^ Og 

Sulphurous acid H, SO3 Sulphite of potassium K^ SO, 

Sulphuric acid H^SO^ Sulphate of potassium K^SO^ 

Here is a similar Hst, containing the hydrogen and potassium 
salts of a series of compound acid-radicals formed by the union of 
chlorine and oxygen : — 

Hypochlorous add . . .H CIO Hypochlorite of potassium. . .K CIO 

Chlorous add HCIO3 Chlorite of potassium KCIO3 

Chloric add HCIO3 Chlorate of potassium KCIO3 

Perchloric add H CIO4 Perchlorate of potassium . . .K CIO4 

It will have been observed, that in the Table of acids given at 
page 45 there are three classes of those bodies, distinguished by 
containing a diflferent amount of hydrogen, that is, of basic ele- 
ment : these classes are the groups of monobasiQ, 5ibasic, and tri- 
basic acids which contain acid-radicals requiring these different 
amounts of basic element to satisfy their respective combining 
powers ; and if the student will refer to what was said regarding 
the three series of acid elements at page 38, he will at once per- 
ceive that these three series of comjpoimd acid-radicals accu- 
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rately coireepond with them, 
thus : — 



This relation may be exhibited 



00 

02 < 
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Series I. 
Monatomio. 



»9 



Ei,>iiKNT8 |c!hloriS.^fBaTer. 
K„^ ( Monobasic. 



Series n. 
Biatomio. 

bide 



Series m. 
Triatomic. 

bide of si] 



Sulphide of silrer. Phosphide of silver. 

Bibasic. Tribasic. 

Ag,S04 AgjPO. 

Sulphate of silver. Phosphate of silver. 



The difference between a ferrous and a ferric, between a cu« 
prous and a cnpric salt of an elementary odd-radical, has been 
already pointed out; it now only remains to transfer this di- 
stinction to the corresponding salts of the compound acid-radicals. 
We will take potassium, iron, and bismuth as the basic elements 
in our salts ; and, for the compound acid-radioals, those existing 
in the nitric, sulphuric, and phosphoric acids. Now, potassium 
is monatomic, i, e, K^=Hj ; and iron is sometimes sesquiatomic, 
i.6.Fei=B[i4, or FCjSsHj; while bismuth is triatomic, i, e, B\s='K^. 
Taking these values, we arrive at the following formulae for the 
different salts of the same acids : — 



Series I. 
Monatomic. 

KNO3 

Potassic nitrate. 

Fe,(NO,), 

Ferric nitrate. 

Bi(NO,), 

Bismuthio nitrate. 



Series II, 
Biatomic. 

K,SO, 

Potassic sulphate. 

(Fe,X(80J, 

Ferric sulphate. 

Bi,(80,). 
Bismuthic sulphate. 



Series m. 
Triatomic. 

K,PO, 

Potassic phosphate. 

Fe,PO, 
Ferric phosphate. 

BiPO, 

Bismuthic phosphate. 



Here it is seen how the formula of the same description of salt 
varies, not only with the saturating power of the acid body, but 
also with the atomic function of the basic constituent. 

A word in explanation of a term in general use, the term 
" basic salt : " — ^when an absolutely perfect double decomposition 
does not occur, the precipitate produced, instead of being a pure 
salt, is a compound one ; this may be best illustrated by a hypo- 
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thetical example, where M stands for a basic radical, such as one 
of the metals — 

20MC1+19KHO=19(MHO),MCH-19KC1. 

V ^ . 

Baaic salt. 
With regard to solvents ; — ^the action of these agents is exceed- 
ingly obscure ; they appear to ftdfil an office intermediate^ between 
chemical imion and mechanical mixture. The student had better 
regard them simply as agents for presenting bodies in a liquid 
form, and as rarely participating in the chemical actions which 
take place in their very midst : of course they do occasionally 
exert very powerful chemical actions ; but these instances can be 
readily discriminated. The more stable the equilibrium of a 
body, the less chemical influence is it Hkely to exert ; and thus 
water is far less Hkely to interfere than the adds, and is for this 
reason always employed wherever it is practicable, as the solvent 
to which the least objection can be raised. 



CHAPTER V. 

OF REAGENTS. 



Beagents are those substanoes which by admixture we bring to act upon the 
bodies we desire to analyse, in such a manner as to produce certain phe- 
nomena which shaU prove indubitably the presence of the substance sought 
for. If in such circumstances the expected effect is not produced, we must 
infer the absence of the object of our search. 

It is obyiously, therefore, of the greatest importance that the reagents which 
are employed in chemical analysis should, if not absolutely pure, at least be 
free from substances which would interfere with the indications which they 
are employed to give. The amount and the nature of the impurities which 
they contain should be accurately known. 

Most of the reagents in common use are met with in commerce of sufficient 
purity to allow of their application in all but the more delicate operations of 
analysis. For certain special cases, however, as in legal investigations for 
the purpose of ascertaining the presence or absence of poison, too much care 
cannot be bestowed upon the preparation of absolutely pure reagents ; and in 
such instances it is generally necessary for the chemist to ensure the purity of 
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the materials he employs by preparing, or at least scrupuloasly purifying 
them himself. 

The ordinary methods of purification are briefly these : Sublimation, Cry- 
stallization, Precipitation, and Distillation. 

SuBUMATiON can only be resorted to when it is desired to £ree a body solid 
at ordinary temperatures, but Tolatile at a higher degree of heat, from non- 
Tolatile impurities ; iodine is usually purified in this way : many mercury 
and ammonium salts might also be thus freed from accompanying foreign 
matters which were not volatile. In the sublimation of many substances it 
is simply necessary to place the substance in a dish over which is fixed a tall 
beaker or bell-jar, which may be luted or otherwise attached to the dish 
below ; if the dish containing the substance is now heated, the Tolatile sub- 
stance (iodine, oxalic add, &c., as the case may be) rises in vapour, — spee- 
dily however condensing on the cold surface of the receiver above. 

Crystallization is perhaps the most commonly adopted of all methods of 
purification. In general, substances dissolve more abundantly in hot than in 
cold solvents. If then at some given temperature a menstruum, as water, 
alcohol or »ther, be saturated with any solid body (t. e. supplied with it until 
no more is dissolved), the solution perfectly transparent at that degree of 
heat, will, as soon as the temperature diminishes, deposit some of the dis- 
solved matter in the solid form. In the same manner let a given bulk of a 
saturated solution of almost any substance be taken, and without increasing 
its temperature, let its volume be diminished to one half (as by slow sponta- 
neous evaporation), then a considerable portion of the solid matter before 
held in solution will be found to have separated in the form of crystals. 
Upon these two facts is based the method of purification by crystallization. 

Salts differ much as to their solubility in the same menstruum ; and by 
taking advantage of the facts which experimenters have accumulated upon 
this point, we can separate different compounds with considerable accuracy 
by evaporating the solution containing the mixture, we will suppose of two 
salts, to that d^pree of concentration at which one of them will almost 
entirely separate, while the other will remain almost as wholly in solution. 
By the repetition of this process upon the already partially purified product 
of the first crystallization, greater purity is attained. But with many articles 
of commerce one carefully conducted crystallization is often found sufficient. 
The technical name for the liquid remaining after the separation of the 
crystals is " mother-liquor," while the successive products of the crystallizing 
process are spoken of as " crops" of crystals. 

Precipitation is frequently employed when the substance constituting 
the impuriiy is known to form an insoluble compound on the addition of 
some reagent the introduction of which does not interfere with the efficiency 
of the reagent we seek to purify. Let it be supposed that chloride of am- 
monium (NH4CI) is the substance with which we wish to deal. Now the 
impurity which this salt commonly contains is chloride of iron (FeCl) ; to 
separate this tiie substance is dissolved in water, and a few drops of sulphide 

1> 
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of ammonium, (NH^), S, are added to the Bolution ; the black sulphide of iron 
(Fe^ S) is formed and precipitated, its removal being effected by paanng the 
liquid through a filter, while the reagent added, so hr from contaminating 
the chloride of ammonium by the decomposition, itself helps to form an ad- 
ditional quantity of that salt, the ammonium originally combined with the 
sulphur uniting with the chlorine of the chloride of iron (NH4)2S+2Fe01 
=Fe2S+2NH4Cl: if any excess of the alkaline sulphide has been added, 
by boiling the solution it may be Tolatilized and thus remoyed. Howerer, it 
is not often possible thus to remove the excess of the substances introduced in 
order to precipitate impurities ; but care can then be taken that the foreign 
substances unavoidably brought in shall be such as do not interfere with the 
reactions which the purified substance is intended to exhibit. Sometimes, on 
the other hand, the pure substance is precipitated by an appropriate reagent, 
leaving the impurities in solution, being therefore just the reverse of the 
preceding process. 

Distillation is always used to separate a liquid which vaporizes at a cer^ 
tain temperature from other liquid or solid matters which are not volatile 
at that temperature. Most liquids when heated to a certain point which is 
peculiar to each substance, boil and are converted into vapour, and in this 
condition of vapour they remain as long as that degree of heat is maintained, 
but no sooner does it diminish, than they again return to the liquid form of 
matter. The apparatus employed is generally the following : — A is the retort 

Fig. 3. 




in which the liquid is placed, the temperature being indicated by the ther- 
mometer B, and regulated accordingly ; the only way of escape for the vapour 
which rises from the boiling liquid is through the neck into the apparatus 
D D, which is a glass tube passed through an outer tube of zinc or copper, 
d df the space between these two tubes being occupied by cold water ; the 
vapour is thereby cooled completely, and consequently reduced to the liquid 
state, in which condition it flows through the adapter E, and issues from the 
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point F into the reoeirer G-. By this process of distillation seyeral liquids of 
different degrees of volatility may be separated, the " distillates" being pre- 
served apart^ while non-volatile substances, whether solids or liquids, in sus- 
pension or solution, may be removed, since they remain in the retort when 
the volatile matters have passed over ; this separation is of course more easily 
effected than tiiat of volatile liquids from liquids of different volatility. 

We here give a list of the reagents employed in analysis, separating, how- 
ever, those commonly used from those employed for special purposes. 



LIST OF BSAGENTS EICPLOYED IN CHEHICAL ANALYSIS. 

The reagents to which an asterisk is affixed are employed in the solid state : 

the remainder dissolved in water. 



General Reagents, 

BASIC ELEMENTS. 

w 

«Zino (Zn). 

SALTS OF POTASSIUM. 

^Nitrate of potassium (KNO3). 

Chromate of potassium (KCrO,). 
^Cyanide of potassium (KCN). 

Acetate of potassium (K A). 
^Hydrate of potassium (KHO). 

Fenrocyanide of potassium (K^ Cfy). 

^Carbonates of potassium and sodium 

(K^COs+Na^COs). 

SAIiTS OF SODIUM. 

^Carbonate of sodium (Na^OOg). 
*Biborate of sodium or borax 
(NajBo^O^). 
Phosphate of sodium (Na^HFOJ. 

SALTS OF AMMONIUM. 

Chloride of ammonium (NH4 CI). 
Hydrate of ammonium (NH^HO). 
Sidphydrate of ammonium 

(NH^HS). 
Carbonate of ammonium 

([NHJ^COg). 
Oxalate of ammonium ([NH^], O). 

SALTS OF BARIUM. 

Chloride of barium (BaCl). 
Hydrate of barium (BaHO). 



Special Reagents, 

BASIC ELEMENTS. 

*Iron (Fe). 
♦Copper (Cu). 

SALTS OF POTASSIUM. 

Iodide of potassium (KI). 
Sulphocyanide of potassium 

(KCNS). 
Silicate of potassium (KSiOj ?). 
Sulphydrate of potassium (KHS). 
Sulphate of potassium (Kj SO^). 
Acid metantimoniate of potassium 

(K,H,Sb,0,). 
Ferricyanide of potassium (KgCfdy ). 

SALTS OF SOPIUM. 

Acetate of sodium (Na A). 
Hydrate of sodium (NaHO). 
Sulphydrate of sodium (NaHS). 
Sulphite of sodium (Na^ SO3). 
Phosphate of sodium and ammonium 
(NaNH4HP0J. 

SALTS OF AMMONIUM. 

Molybdate of ammonium 

(NH4 M0O2). 
Acetate of ammonium (NH^ A). 
Phosphate of ammonium 
([NH,],HPO,) 

' SALTS OF BARIUM. 

♦Fluoride of barium (BaF). 

B 2 
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SALTS OF CALCIUM. 

Chloride of oalciam (OaCl). 
*Oxide of calcium (Ca^O). 
Sulphate of calcium {(\ SOJ. 

SALTS OF IBOir. 

^Ferrous sulphate (Fe^ SO4). 
Ferric chloride (Fe^Ci^), 

SALT OF COBALT. 

Nitrate of cobalt (C0NO3). 

SALT OF SILYES. 

Nitrate of silver (AgNOg). 

SALT OF LSAD. 

Acetate of lead (Fb A). 

SALT OF PLATINUM. 

Bichloride of platinum (FtClj). 

SALT OF GOLD. 

Terchloride of gold (AuClg). 

SALTS OF HTDROGBN. 

Hydrochloric add (HCl). 
Nitric acid (HNO3). 
Acetic acid (HA). 
Water (Ha O). 
Hydrosulphuric acid (H^ S). 
Sulphuric add (H^ SO4). 
OxaUcadd(H2CaOJ. 

ACID ELEMENT. 

♦Carbon (C). 



♦Oxide of barium (Ba^O). 
♦Carbonate of barium (Ba, CO,). 

SALT OF MAGNESIUM. 

Sulphate of magnesium (Mg, SO4). 

SALTS OF COPPBS. 

Cuprous sulphate (Cu^ SO4). 
Cupric sulphate (Cu, SO4). 

SALTS OF MEBCUBT. 

Mercurous nitrate (Hg, NO3). 
Mercuric chloride (HgCl). 
Mercuric oxide (Hg^O). 

SALT OF BISMUTH. 

Oxyhydrate of bismuth 
(BiH3 03,Bi,03). 

SALT OF PALLADIUM. 

Chloride of palladium (Pda). 

SALTS OF BTHYLB. 

Oxide of ethyle ([CaHjLO). 
Hydrate of ethyle (C^ Hj HO). 

SALTS OF HTDROGBN. 

Sulphurous add (H^ SO3). 
Carbonic add (H^COj). 
Tartaric add (Hj, C4 H4 OJ. 
Hydrofluosilido add (H3 Si.^ Fg). 

ACID ELEMENTS. 

Bromine (Br). 
Chlorine (a). 



TEST PAPEI18. 



Blue litmus paper. 

Bed litmus 

Turmeric 

Starch 

Acetate of load „ 



»i 



t» 
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OBOANIC BODIES. 

♦Sugar (C,,H,, Oh). 
♦Gelatine ? 



OBGANIC BODY. 

♦Starch (CijHaoOio). 
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BASIC ELEMENTS. 

Iron (Fe). 
The purest iron met with in commerce is in the form of pianoforte wire : 
it should be preseryed in a doeelj-stoppered bottle, together with some 
caustic lime to prevent oxidation. 

Zinc (Zn). 
One chief impurity of this metal is lead, which, however, does not ordi- 
narily interfere with its applications. The most detrimental impurity is 
arsenic, and the zinc employed in analysis should always be free from this 
substance : some specimens of commercial zinc are quite free from it. It 
should be either granulated or cut into small strips. 

Copper (Cu). 
The most convenient form in which to employ this metal is that of foil 
or tumingSr 

Salts of Potassium. 

Iodide of potassium (KE). 
This salt is found of sufficient purity in commerce for ordinary opera- 
tions : its chief contamination is carbonate of potassium (E, OO3), which may 
be separated by digesting the crude salt in hot strong alcohol, filtering, and 
crystallizing out the iodide. To make a solution for the purposes of testLng, 
1 part of salt may be dissolved in 10 parts of water. 

Nitrate of potassium KNO3). 
Commercial nitre is sufficiently pure for ordinary use : its great impu- 
rities are chloride and sulphate of potassium, from which it may be freed by 
repeated crystallizations. 

Chromate of potassium (ECrOj). 
The salt met with in commerce is pure enough for the purposes to which 
it is applied. As the bichromate of potassium is a salt of more common 
occurrence, it may be used for the preparation of the neutral chromate by 
adding to every 100 parts of bichromate dissolved in water, 47 parts of dry 
carbonate of potassium (E2CO3). The salt may then be crystallized. For 
use, 1 part of the crystab should be dissolved in 10 of water. 

Cyanide of potassium (K[CN] or KCy). 

The cyanide prepared by throwing a mixture of 8 parts of dried ferro- 
oyanide of potassium with 3 of dried carbonate of potassium into a crucible 
heated to low redness, is sufficiently pure for ordinary analytical purposes. 
When so heated it decomposes thus, — 

2(K, FeCy3)-|-KaC03=5KCy-|-KCy04-2Fe-J-COj,. 

When its contents are in a state of tranquil fusion the crucible is removed 
from the fire and allowed to stand, so that the particles of iron may subside : 
the fused mass is then poured out upon an iron plate. It consists of cy- 
anide and ojanate of potassium, and should be kept in a well-stoppered 



54 CHEMICAL REACTIONS. 

bottle. The cyanide may be obtained pure by digesting the mass in hot 
alcohol, in which the cyanate is nearly insoluble. 

Sulphocyanide of potassium (K[CNS] or K [CyS] or KCsy). 
This salt is prepared by fusing 46 parts of ferrocyanide of potassium, 
17 of carbonate of potassium, and 32 of sulphur in a covered iron crucible or 
pan. The fused mass, when cold, is boiled with alcohol ; the sulphocyanide 
crystallizes out on cooling. 1 part should be dissolved in 10 of water. 

Silicate of potassium (KSiO^ ?). 
A solution of silicate of potassium made by fusing 1 part of pure quartz- 
sand (Sij O3) with 4 parts of carbonate of potassium, and dissolving the re- 
sulting mass in boiling water, is occasionally employed in analysis. The fused 
mass should be first pounded and washed with cold water. 

Acetate of potassium (K.lC^'E.j^O^ or KA.). 
The commercial salt is sufficiently pure for all ordinary analytical pur-' 
poses. 1 part should be dissolved in 4 of water. 

Hydrate of potassium (KHO). 

The salt met with in conmierce contains many impurities, of which the 
principal are the chloride, sulphate, and silicate of potassium ; these do not 
generally interfere with its use. But it also contains very frequently car- 
bonate of potassium, alumina (Al^ O3), and oxide of lead ; the presence of 
these substances is often very troublesome in analytical processes. The last 
impurity is derived from the flint-glass bottles in which the solution of 
hydrate of potassium is often kept : Q«rman glass bottles should be used 
instead. To obtain the pure hydrate, it is only necessary to dissolve the 
commercial salt in alcohol, in which its impurities are insoluble, and then by 
evaporating the clear part of the solution in a silver dish, the hydrate is ob- 
tained perfectly pure, if care has been taken to preserve it from the carbonic 
acid of the air. The following is a method of preparing a solution of this 
substance : — 10 parts of carbonate of potassium are dissolved in 100 parts of 
water and the solution heated to boiling in a silver or bright iron vessel pro- 
vided with a lid: 8 parts of good freshly burnt lime (Ca^O) are slaked in 
another covered vessel, and the hydrate formed added by degrees to the 
boiling solution of carbonate of potassium, the mixture being constantly 
stirred. The change may be represented thus : — 

Kj CO, +2(CaH0) =Ca2 CO3 -I-2KH0. 

The mixture is boiled for a few minutes, the lid of the vessel remaining 
on ; the liquid is then allowed to rest until aU the carbonate of calcium 
formed has settled, when the dear solution of potassa or hydrate of potas- 
sium is poured off into a well-stoppered bottle. 

Sulphydrate of potassium (KHS). 
This salt is prepared by passing sulphuretted hydrogen (H^ S) into a solu- 
tion of hydrate of potassium until the liquid has a strong odour of the gas. 

Sulphate of potassium (K^ SO4). 
The commercial salt is sufficiently pure for analytical purposes; it is 



OF SEAeENTS. 55 

sometiineB, howerer, expedient to recrystallize it For a solution for testing, 
1 part is to be dissolred in about 12 of water. 

Add metantimoniate of potassium (E^ H^ Sb^ O^). 

To prepare this salt, the neutral antimoniate is at first procured hj 
throwing a mixture of 1 part of antimony (Sb) with 4 parts of nitre (KNO3) 
into a red-hot crucible ; when the mass is cold, the excess of nitre is removed 
firom it hj digesting the fused mass in tepid water ; the insoluble residue 
still left is then boiled with water for some time, and is thereby dissolved : 
its solution is then evaporated to the consistence of a syrup, and solid 
hydrate of potassium added to convert the antimoniate into metantimo- 
niate : the liquid is further evaporated until, upon a drop being taken out 
upon a glass rod, it readily crystallizes ; it is then allowed to cool, when a 
crystalline mass is obtained containing the add and neutral antunoniates of 
potassium. The crystals are then dried on filter-paper and preserved dry 
in a stoppered bottle for use. When required for testing, 1 part is dissolved 
in about 20 of water at a gentle heat, the solution cooled and filtered. 
During this process of solution the neutral salt is converted by the action of 
water into the add metantimoniate, hydrate of potassium being produced at 
the same time. 

Ferrocyanide of potassium (Kg [FeCgNg] or K^ [FeCyg] or 

K^Cfy-hliaq)* 

This salt is met with in great purity in commerce : its solution becomes some- 
what alkaline on keeping. 1 part of salt should be dissolved in 12 parts of water. 

Carbonates of potassium and of sodium (£, COg-l-Na^COg). 
The separate salts are mixed in equivalent proportions. The mixture 
fuses at a lower temperature than either of its constituents. 

Ferricyanide of potassium (K3 [Fe^ CgNe] or K^ [Fe^ Cyg] or K3 Cfdy). 

The commercial salt is of suffident purity. This substance is prepared by 
passing chlorine gas into a solution of 1 part of ferrocyanide of potassium 
(E^Cfy) in 9 parts of water until a drop of the liquid no longer produces a 
blue predpitate or colour in a solution of perchloride of iron (Fe^Clg). It 
should be crystallized several times: the crystals are of a fine deep red 
colour: 1 part of them should be dissolved in 10 of water for use as a test. 

Salts of Sodium. __ 

Acetate of sodium (Na[C2 H4 O^] or NaA). 
This salt is met with in commerce of sufficient purity for ordinary ana- 
lytical operations. Being much cheaper than acetate of potassium, it is 
generally employed in its stead, although it cannot be so advantageously 
used in experiments where free oxalic add is present, since the oxalate of 
sodium which is then formed is comparatively insoluble. 1 part is to be 
dissolved in 4 of water. 

* The ^nmbol aq=H^O, and is generally employed to denote water of 
crystallization. 
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Hydrate of sodium (NaHO). 
This salt is frequently substituted for hydrate of potassium, on aooount of 
its greater cheapness. It is subject to the same impuritiefl as the hydrate of 
potassium, and may be freed from them in a similar manner. 

Sulphydrate of sodium (NaHS). 
This salt is also used instead of the sulphydrate of potassium, and may be 
prepared in a similar manner. 

Sulphite of sodium (Na^ SO3 -1-10 aq). 
This salt may be prepared by passing sulphurous acid gas (SO2) (pro- 
duced by boiling copper turnings in a flask with concentrated sulphuric 
add, and passing the gas through water in a wash-bottle) into an aqueous 
solution of carbonate of sodium, until carbonic add gas is no longer evolyed. 
The solution should be evaporated with as little exposure to the air as pos- 
sible, on account of the great tendency of the sulphite to pass into sulphate, 
and finally allowed to crystallize. The solution for testing should contain 
about 1 part of sulphite in 5 parts of water. 

Carbonate of sodium (Na^ CO3). 
The commercial salt usually contains an admixture of sulphate and chloride 
of sodium, from which it is difficult to purify it. An easy method of preparing 
pure carbonate is by predpitating a comparatively pure specimen of a sodium 
salt with oxalic add or a soluble oxalate. The oxalate of sodium is nearly 
insoluble, and by washing the predpitate obtained as before mentioned with 
water, only a small quantity of oxalate is lost, whilst the impurities are washed 
away. By ignition of this oxalate the pure carbonate is obtained, thus — 

Biborate of sodium or borax (Na^ Bo^ O7 -h 10 aq). 
The commerdal salt may be employed for ordinary analytical operations. 
It can be purified by crystallization. 

Phosphate of sodium (Na^ HPO^ + 12 aq). 
For ordinary purposes the commercial phosphate may be employed ; it 
contains sulphate of sodium, from which it may be purified by crystallization. 
For use as a test 1 part is to be dissolved in 10 parts of water. 

Phosphate of sodium, ammonium and hydrogen, or microcosmic salt or 
phosphorus salt (NaNH^ H 'P0^-{'4aq), 

This salt is prepared by boiling a solution of 6 parts of phosphate of sodiiun 
(the reagent just described) in 2 parts of water, and adding 1 part of pow- 
dered chloride of ammonium (NH^ CI). Chloride of sodium separates and 
is removed by filtration, while the filtrate on concentration yields crystals of 
microcosmic salt. 

Salts of Ammonium. 

Chloride of ammonium (NH^ CI). 
The chief impurity of this salt as met with in commerce is chloride of iron ; 
this may be readily separated by predpitation, a few drops of sulphydrate of 
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ammonium (NH4 HS) being added to a solution of chloride of ammonium, 
and any black precipitate of sulphide of iron produced beiog filtered off; 
hydrochloric acid is then added in quantity just sufficient to decompose any 
excess of sulphide of ammonium, and the liquid boiled till all odour of the 
sulphuretted hydrogen has left it : when the trifling excess of hydrochloric 
add has been saturated with ammonia, the solution is evaporated and the 
salt crystallized. 1 part should be dissolved in about 8 parts of water. 

Molybdate of ammonium (NH^ MoO^). 
In the preparation of this salt molybdic acid is at first prepared ; this is 
done by roasting native sulphide of molybdenum (MoS) in a platinum cru- 
cible at a low red heat, with constant stirring, as long as sulphurous acid 
(SO,) is evolved. The impure molybdic add thus obtained is then dissolved 
with the aid of heat in ammonia. Much of its impurity is left undissolved, 
while more separates when the solution is evaporated to crystallize. By 
crystallization the bimolybdate is formed ([NH^jjMo^O^). 

Acetate of ammonium (NH4 C^ H3 0, or NH^ A). 
This salt may be best prepared by neutralizing acetic add with carbonate 
of ammonium. 

Hydrate of ammonium (NH^ HO). 

CSommercial ammonia may be advantageously used in analysis ; or it may be 

prepared by taking equal wdghts of freshly burnt lime (Ca^ O) and powdered 

chloride of ammonium (NH^ 01), introducing them into a flask A, and adding 

a little water : the evolved gas is passed through a small quantity of water con- 
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tained in the first wash-bottle, represented in the annexed figure by B ; it is then 
conducted into a bottle, 6, or a series of bottles similarly fitted with tubes, and 
half-full of distilled water. The following equation represents the change : — 

NH^a-hCaHOrrNH^HO-f CaCl ; 
but although NH4HO represents the hydrate of anmionium corresponding 

d5 
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to the hydrate of potassium (KHO), and although for conyenience and ana- 
logy sake we speak of this hydrate, yet it is more correct to regard the sub- 
stance so called as a solution of the gas ammonia (NH3) in water (H^O) ; 
for it will be seen that NH^ HO=NH3+H2 0. 

Sulphydrate of ammonium (NH^ HS). 
This salt is prepared by passing hydrosulphuric acid (H^S) into a solution 
of hydrate of ammonium until the liquid is fully saturated and the gas escapes 
unabsorbed. The sulphide of ammonium ( [NH^]^ S) is obtained by dividing 
a solution of hydrate of ammonium into two equal parts, and after having 
saturated one part with hydrosulphuric add, adding the reserved part to it. 

Carbonate of ammonium ([NHJjC'Og). 
The commercial carbonate is a sesquicarbonate, but when dissolved in hot 
water the solution is said to contain the neutral carbonate. The conmion pre- 
parations of this salt are of sufficient purity for almost every analytical purpose. 

Oxalate of ammonium ([NHJjCjjO^+aq or [NHJaO+aq). 
This salt may be prepared by exactly neuiaralizing a solution of oxalic acid 
by carbonate or hydrate of ammonium : 1 part of crystals should be dissolved 
in 24 parts of water for use as a solution for testing. 

Phosphate of ammonium ([NH^Jj HPO^). 

This salt may be prepared by decomposing the acid phosphate of calcium 

by carbonate of ammonium. 

Salts of Babium. 

Chloride of barium (BaCl+aq). 
This salt is generally found in commerce of sufficient purity for ordinary 
analytical purposes. It sometimes contains lead: it may be purified by 
crystallization. To prepare the solution for testing, 1 part should be dis- 
solved in 10 of water. This salt may also be readily made by dissolving the 
carbonate of barium (a commonly occurring mineral) in hydrochloric acid, 
and crystallizing the product. 

Fluoride of barium (BaF). 
This salt may be prepared by adding hydrofluoric add (HF) to a solution 
of chloride of barium containing hydrate of ammonium as long as a pre- 
cipitate is formed. The predpitate must then be quickly washed with water 
on a filter and dried. 

Oxide of barium or baryta (Ba^ 0). 
This compound is best prepared from nitrate of barium pmified by re- 
crystallization. The nitrate, finely powdered, is introduced little by little 
into a crudble maintained at a bright red heat. After cooling, the crudble 
is broken, and the fused mass is separated from foreign matters and pre- 
served from the air. The decomposition is as follows : — 

2BaN03 =Ba2 0+Na O4+O. 

Hydrate of barium (BaHO+4^ aq). 
This salt may be prepared by dissolving the oxide in boiling water, filtering 
tlie solution into a bottle or fiask, and closing the latter by a coric to exclude 
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the air, which, from the carbonic add gas which it contains, would soon con- 

Tert the hydrate into the carbonate of barium. The above solution on cooling 

deposits the hydrate in large crystals, which may always, by a second or 

sometimes a third crystallization, be obtained perfectly pure. This substance 

may also be prepared by heating to redness in a crucible a mixture of 6 parts 

of finely powdered sulphate of barium (Ba^ SO4) with 1 part of powdered 

charcoal and 1^ of flour, and boiling the resulting mass with water for a 

long time in a loosely-corked flask : the solution is to be filtered whilst hot 

with the same precaution as in the first process.' The decompositions which 

occur are these : — 

(a) Ba.,S04+2C=Ba^S+2C02 

(/3) Ba^S -h2(H2 0)=HaS-l-2(BaHO). 
As it is important that this reagent should be quite tree from the salts of 
the alkalies, the second process is a very convenient method, since, from the 
great insolubility of the sulphate of barium, it may be easily washed free 
from all soluble impurities, among which the alkaline salts are the most usual 
and most deleterious. For testing, a cold saturated solution of the crystal- 
lized hydrate may be employed. 

Carbonate of barium (Ba.^ CIO3). 
This salt occurs in a state of comparative purity as a mineral : for ana- 
lytical purposes, however, it should always be precipitated by carbonate of 
sodium or anmionium from the pure chloride of barium (BaCl) ; the pre- 
cipitate is to be thoroughly washed, and then stirred with distilled water so 
as to form a pasty mass ; in this condition it should be preserved for use in 
a stoppered bottie. This salt, like the preceding, should be absolutely free 

from soluble salts. 

Salts of Calcium. 

Chloride of calcium (CaCl). 
This may be preparad in the purest form by dissolving the finest white 
marble (Ca, CO3) or precipitated carbonate of calcium, or, better still, small 
crystals of Iceland spar, in hydrochloric add (HCl), the hydrochloric add 
not being in suffident quantity to dissolve the whole of the carbonate. 

Oxide of caldum (Ca^O). 
Freshly burnt quicklime just from the kiln should be taken, the white 
pieces selected and preserved in a well-stoppered bottie. 

Sulphate of caldum (Ca^ S04-h2 aq). 
This salt may be prepared by predpitating pure chloride of caldum with 
sulphuric add (Hj, SO^), washing the predpitate thoroughly, and then di- 
gesting the sulphate of caldum formed, with repeated agitation, in cold water. 
It is dhnost insoluble, and therefore the saturated solution may be used. 

Salt of Magnesium. 

Sulphate of magnesium (Mg, SO4+7 aq). 
The commerdal salt (Epsom salts) is of suffident purity for all ordinary 
analytical purposes. 1 part should be dissolved in 10 parts of water. 
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Salts of Iron. 

Frotosulphate of iron or ferrous sulphate (Feg SO^+T aq). 
The commercial salt is of sufficient purity for employment in analysis. 
The solution is made by agitating the crystals with cold water, out of contact 
with the air. 

Sesqui- or perchloride of iron, or ferric chloride (FcaClj). 
This salt may be easily prepared by dissolving pianoforte wire (the purest 
form in which iron occurs oommercdally) in hydrochloric acid, boiling the 
solution, and adding nitric acid (HNO3) drop by drop until the original 
greenish-brown colour of the solution has changed to a bright yellow, or 
until a drop of the solution taken out on a glass rod is no longer precipi- 
tated blue on the addition of ferricyanide of potassium (K3 Cfdy). Excess 
of ammonia solution is then added, and the precipitate produced tiboroughly 
washed with hot water ; it is then dissolved in hydrochloric acid, care being 
taken that enough acid is not added to dissolve the whole. 

Salt of Cobalt. 

Nitrate of cobalt (C0NO3+3 aq). 
This salt may be purchased in a state fit for use : it is troublesome to pre- 
pare from cobalt ore. 1 part is to be dissolved in about 10 of water. 

Salt of Copper. 

Frotosulphate of copper or cupric sulphate (Cu^ SO4-I-5 aq). 
The conmiercial salt is aJways contaminated with ferric sulphate; for 
analytical purposes the metallic copper obtained by electrolysis may be dis- 
solved in hot sulphuric acid (H, SO4) ; or the pure hydrate, oxide, or car- 
bonate may be taken, and heated with diluted sulphuric acid. The salt 
should be crystallized from its solution. 1 part should be dissolved in 10 
parts of water. 

Salt of Silver. 

Nitrate of silver (AgNO,). 
This is best obtained by dissolving pure silver in nitric acid (HNO3) which 
has been diluted with about its own bulk of water, evaporating the solution 
to dryness, and gently fusing the residue. The fused mass may be dissolved 
in water when cold, and then crystallized. It is thus obtained quite free from 
acid. If silver coin («. e. silver alloyed with copper) -^^ g^ 

be employed, it is necessary, after dissolving it in 
nitric acid, to precipitate the silver aa chloride by f^ 

the addition of hydrochloric acid, to filter it, and 
then to wash it till it no longer contains a trace of 
the soluble copper salt. The pure chloride of silver 
is now to be placed in a small dish of porous earth- 
enware, placed in a larger dish or basin; both vessels are then to be so far 
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filled with water, to which a few drops of hydroohlorio add have been added, 
that their contents do not mix. A piece of zinc is to be laid under the inner 
vessel, and connected with the chloride of silver by means of a bent platinum 
wire, when the desired action will at once commence, and after the lapse of 
a short time the whole of the chloride of silver will have been ** reduced '* to 
the metallic state : the change may be represented by the two equations — 

(1) HCl +.Zn=Zna-|-H 

(2) AgCl+H =HC1 +Ag. 

The small dish is now to be removed, and the finely divided silver which 
it contains to be repeatedly washed with dilute hydrochloric acid, and, 
finally, with pure water. When quite free from hydrochloric add, the silver 
is to dissolved in nitric add, crystallized and fused as mentioned above ^. 
For use, 1 part of the fused salt is dissolved in 20 parts of water. 

Salt of Lead. 

Acetate of lead (PbCjHjOa or PbA+li aq). 
This salt is met with in commerce of sufficient purity : 1 part should be 
dissolved in 6 parts of water. 

Salts of Mercury. 

Frotonitrate of mercury or mercurous nitrate (Hg^NOg). 
This salt is obtained by leaving metallic mercury in contact with nitric 
add (HNO3) without applying heat. In order to preserve it in the state of 
mercurous nitrate, some metallic mercury must always be kept in its 
solution. 

Perchloride of mercury or mercuric chloride (HgCl). 
The commercial salt is suffidently pure. 1 part is to be dissolved in 16 
parts of water. 

Peroxide of mercury or mercuric oxide (Rg^O), 
This salt may be purchased tolerably pure. It should volatilize when heated 
without leaving a residue. 

Salt of Bismuth. 

Oxyhydrate of bismuth or mixed oxide and hydrate of bismuth 

(BiH3 03,Bi,03). 
The commercial basic nitrate of bismuth may be used instead of the bade 
hydrate (for the oonverdon of metallic sulphides soluble in alkalies into 
oxidee by boiling it with sudi alkaline solutions) : it must be free from 
arsenic (As). 

The metal bismuth may be purified from arsenic by fusing it with nitrate 
of potasdum (ENO3) ; it may then be dissolved in dilute nitric add, and the 

* By this fusion a portion of nitrite is said to be formed ; — ^this may be 
separated by dissolving the fused mass in cold water, evaporating and crystal- 
liang afresh* 
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eiolution diluted with water till a precipitate begins to form ; from this pre- 
cipitate the solution is filtered, and the filtrate evaporated until it is of suf- 
ficient concentration to crystallize. The crystals are then digested with 
water containing a little nitric acid, excess of ammonia solution added, and 
the precipitate of basic hydrate washed thoroughly and dried. 

Salt op Palladium. 

Protochloride of palladium or palladious chloride (PdCl). 
The metal palladium is dissolved in nitro-hydrochloric acid, the solution 
evaporated to dryness on the water-bath, by which means palladic chloride 
is fibrst formed, but this salt (Pdj^Clg) is converted into palladious chloride 
(PdCl) with evolution of chlorine at the temperature employed : after the 
first evaporation, hydrochloric acid should be added, and the liquid again 
evaporated ; water is then to be poured on the salt, and the whole carried to 
dryness once more on the water-bath. 

Salt of Tin. 

Protochloride of tin (SnCl). 
This salt is obtained by dissolving the granulated metal in hydrochloric 
add (the concentrated acid diluted with its own bulk of water) ; the mixture 
is to be heated, care being taken to stop the action before all the tin and 
hydrochloric acid have been consumed : the solution of the chloride is then 
to be decanted dear from the residual metal, and poured into a bottle con- 
taining a few fragments of pure tin : a little dilute hydrochloric add should 
also be added. 

Salt op Platinum. 

Per- or bidiloride of platinum or platinic chloride (PtCl^). 
This salt is prepared in precisely the same manner as the palladious 
chloride. 

Salt op GtoLD. 

Terchloride of gold or auric chloride (AuClj). 
This salt may be prepared as the palladious chloride if tiie metallic gold 
is pure. If, however, the gold contains copper (Cu) or silver (Ag), the nitro- 
hydrochloric solution is at once evaporated to dryness on the water-bath, 
i^nd redissolved in water, by which means the whole of the silver remains as 
chloride. The aqueous solution is then slightly addified with hydrochloric 
add and boiled with a solution of oxaHo add ; the gold is thus predpitated 
in the metallic form, while the copper remains in solution ; if, however, any 
copper still contaminates the gold in the form of oxalate of copper, it may 
be removed by treating the metal with ammonia solution. 

Salts op Ethyls. 
Oxide of ethyle or ether ([0^ H^JaO). 
This is obtained of suffident purity in commerce for the ordinaiy ana- 
lytical operations. If, however, ether free from water is required,, it is 
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obtoined " anhydrous" by digestion wilih, and distillation from, caustic limo 
(Ca^O). For most purposes this is, however, unnecessary. The specific 
gravity of anhydrous ether is 0^3. 

Hydrate of ethyle or alcohol ([C^ H^] HO). 
This is to be obtained of great purity as ** rectified spirit," having the spe* 
dfic gravity of 0*83 ; this, like commercial ether, contains water, from which 
it, too, may be fr«ed by distillation with caustic lime. By other subsequent 
distillations with ignited carbonate of potassium (K^ 00,), or anhydrous sul> 
phate of copper (Cujj SO4), it may be rendered quite free from water. It is 
then termed " absolute," and has a specific gravity of 0*795. For all ordinary 
purposes the alcohol recently introduced by the Excise, and known as '* me> 
thylated spirit," may be employed. This spirit is simply alcohol inten- 
tionally and avowedly mixed with methyle alcohol to the extent of 1 per cent. 
This is done in order to preclude its use as a beverage, without interfering 
with its applicabilily to most manufacturing and chemical purposes. 

Salts of Hydrogen. 

Chloride of hydrogen or hydrochloric acid (HQ). 
Nitric and sulphuric adds and salts of iron are common impurities of 
commercial hydrochloric acid : it may, however, always be obtained of great 
purity in commerce. Its specific gravity should be 1*2. 1 part, by mea* 
sure, of add diluted with 2 parts of water is often used in analysis as dilute 
hydrochloric add. 

Nitrate of hydrogen or nitric add (HNO3). 
The commercial add generally contains a little hydrochloric and sulphuric 
add (H2 SO4) ; it may, however, be obtained pure. The diluted add should 
have the specific gravity of 1*12, and is made by mixing 1 volume of strong 
add with 2 of water. 

Ajoetate of hydrogen or acetic add (HC^ H3O3 or HA). 
This add as obtained in commerce is of suffident purity for most ana- 
lytical operations. It should have a specific gravity of 1*0^. It occa- 
sionally contains sulphuric add. 

Oxide of hydrogen or water (H^O). 
This substance, as it commonly occurs, holds various salts in solution, of 
which: the prindpal are the chlorides, sulphates, and carbonates of potas- 
sium, sodium, caldum, and magnesium : from these impurities it may be 
separated by distillation. 

Sulphide of hydrogen or hydrosulphuric add or 
sulphuretted hydrogen (H^ S). 
This substance may be easily prepared by acting upon almost any me- 
tallic sulphide with hydrochloric add or with sulphuric add ; in practice, 
however, the protosulphide of iron (Fe^ S) is almost invariably employed : 
tiie evolved gas is waidied by passing it through a wash-bottle containing a 
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gmall quantify of water, and it may be afterwards dried by passing it through 
a tube containing chloride of calcium in small fragments. The solution of 
this gas in water may be prepared by passing the gas into distilled water as 
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long as it is dissolved, which may be ascertained by observing whether the 
bubbles as they pass through the liquid are dissolved, or whether they escape 
without diminution: a saturated solution of this gas is much employed in 
analysis. 

Sulphurous acid (K, SO3). 
This add ia not known to us in the separate state, but only as a solution 
of the compound called sulphurous acid gas (SO^) in water (H^O). Sul- 
phurous acid gas is evolved when charcoal (C), copper (Cu), or mercury 
(Hg) are boiled with concentrated sulphuric add. The following changes 
occur: — 

2(Ha S0J+C=2(H, S03)+C0a 

2(H2 SO J4-2Cu=Ha SO3 H-Cu, SO^+BL, O : 
but the sulphurous add splits thus — 

HaS03=H20+S02. 
Sulphurous add gas may be washed, and water may be saturated with 
it, just as in the case of ammonia gas. 

Sulphuric add (H^ SO4). 
The common impurities of the commercial add are lead (Pb) and 
arsenic (As) ; both are separated by passing a stream of sulphuretted hydro- 
gen through the diluted acid. For ordinary purposes a good specimen of 
conunerdal add suffices, but for special cases, such as the detection of 
poisons in medico-legal investigations, it is necessary to employ an add 
which is absolutely pure. The dilute add employed in analysis is prepared 
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by mixing 1 part of the oonoentnited add (oil of yitriol) with 5 parte of 
water; the greater part of the lead is separated by this dilution. 

Oarbonio add (EL^CO^). 
This acid is not known to us in the separate state, but only as a solution 
of carbonic add gas (COa) in water (H^O), for H^ 003=003+20,0. The 
gas (OOj) can be eadly prepared by decomposing any carbonate by an add 
in an apparatus similar to that figured on page 64. Oarbonate of oaldum 
(marble) and hydrochloric add (HOI) are usually employed : — 

Oa^ CO3+ 2Ha=Ha OO3 +2CaCl ; 
but the carbonic add is immediately decomposed into water and carbonic 
add gas, which may be passed into water, in which a portion will dissolye^ 
or into the solution to be submitted to ito action. 

OxaHc add (HaCjO^ or H^O). 
The commercial substance is of suffident puriiy for ordinary operations. 
It may be purified by sublimation. 1 part of crystals should be dissolved 
in 20 of water. 

Sulphindigotic add. 
The solution of indigo in oil of vitriol, or strong sulphuric acid, is called 
by this name. It is used in a very dilute state as a chemical test. 

Tartaric add (EL^C^ H^O^ or H^T). 
This add is met with of suffident purity for almost all analytical purposes. 
It may be purified by recrystallization. 

Hydrofluosilidc acid (H3 Si, F^). 
This add is prepared as follows: — A mixture of 1 part of sand (Si^Og) 
and 1 part of fluoride of oaldum (OaF) is 
introduced into the flask A; 6 parte of con- 
centrated sulphuric add are then added, 
and heat applied by means of a sand-bath. 
A glass deliyery-tube passes through 4 parte 
of water placed in the jar B, and dips be- 
neath the sur£EU)e of the mercury, 0, at the 
bottom of the vessel. The following actions 
take place: — Hydrofluoric add (HF) is 
generated by the action of the sulphuric 
add on the fluoride of oaldum (OaF), and 
in ite turn this hydrofluoric add acte upon 
the sand present, producing gaseous fluo- 
ride of silicon ; thus — 

2(CaF)+HaS04=2(HF) +Ca2S04; and 
6(HF)+Sia08 =3(H,0)4-2(SiF.) 

Fluoricb 
of filioon. 

The fluoride of silicon escapee through the mercury, 0, into the superincum- 
bent layer of water, and by the latter it is instantly decomposed, silidc add 
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being again formed and precipitated, while the hydrofluoailicic acid remains 
dissolved in the water ; thus — 

6(SiI',)+4tt,0=2(HSiO,)+2(H3Si,P,). 
The use of the mercury in preventing the access of water to the mouth of the 
delivery-tube is obvious : the liquid should be filtered through a linen doth 
to separate the gelatinous silicic acid, and the filtrate preserved in a bottle of 
German glass. 

Acid Elbmbnts. 

Carbon (C). 
The charcoal selected for blowpipe examinations should be made of sound 
beechwood, and should be free from bark or knots. If the pieces are about 
1^ inch in diameter, they should be sawn into pieces of about 4 inches in 
length, and each piece should be divided longitudinally, the flat surfaces of 
the section being well adapted for blowpipe experiments. 

Bromine (Br). 
This salt-radical may be obtained in commerce of sufficient puriiy. 

Chlorine (Q). 
Chlorind may be easily prepared by one of the methods given on p. 19 ; if 
required dry it may be passed over fragments of fused chloride of calcium 
(CaCl) in a long tube, or over pieces of pumice-stone soaked in oil of vitriol. 

Test Papers. 

Vegetable blues, or at least most of them, possess the peculiar property of 
becoming red when moistened with an add, t. e. the hydrogen salt of a simple 
or compound add-radical, while their original colour is restored by an alka- 
line solution, that is, by the solution of a substance whose basic properties 
are definite. Some of the most delicate vegetable blues even assume a new 
colour when submitted to an alkaline liquid, becoming a brilliant green, 
whilst vegetable yellows, when dipped into alkaline solutions, become red- 
brown, but are not influenced by adds beyond the restoration of their original 
colour (boradc add being an exception, for it behaves like an alkali). These 
indications, although very valuable, must not be too implidtly relied on, 
since certain salts which are theoretically neutral produce changes of colour. 

Blue litmus paper. 
The litmus of commerce should be dissolved in water, and very dilute 
sulphuric add added to the clear blue solution until the colour has been 
dumged to a reddish violet ; the blue colour is then restored by the addition 
of a small quantity of the original solution : white writing-paper, not highly 
glazed, is then to be painted with the blue liquid, on one side only, and the 
coloured pieces, when dry, are to be cut into narrow strips for use, and pre* 
served in a well-stoppered bottle. 
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Bed litmus paper. 
This maj be prepared by using the blue liquid just mentioned, alter having 
slightly reddened it with a drop of very dilute sulphuric acid. 

Dahlia paper. 
If the richly-coloured petals of the purple dahlia, or those of the hearts- 
ease, are boiled with alcohol, a red solution is obtained, which is of far greater 
delicacy than that produced by common litmus ; it will become green also 
by the action of alkalies. Paper may be coloured with it as with the litmus 
solutions. 

Turmeric paper. 
An alcoholic extract of turmeric-root is of an orange-yellow colour, and 
becomes reddish brown when submitted to the action of alkaline solutions. 

Manganese paper. 
Strips of paper dipped in a moderately strong solution of manganous sul- 
phate (Mn^ SO^) are occasionally employed for the detection of ozone. 

Acetate of lead paper. 
Strips of paper steeped in a solution of acetate of lead (PbC, H3 O^) are 
very useful in the detection of sulphuretted hydrogen (Hj S). 

Starch paper. 
Strips of paper dipped in solution of starch made by boiling starch in 
water, and kept somewhat moist, are very useful in the detection of bromine 
and iodine. 

Organic Bodies. 

Those forms of these bodies found in commerce may be safely employed, 
selecting, of course, the uncoloured yariety of Starch (C^^ H^o O^q) ; the purest 
white Sugar (O^a H^^Oii), and that kind of Gelatine known as isinglass. 



CHAPTER VI. 



DETECTION OF THE BASIC RADICALS IN THEIR 

COMPOUNDS. 

Wb have now introduced to the notice of the student the cha- 
racteristic features of the basic and acid elements^ existing as 
elements in the uncombined state^ and have remarked upon the 
peculiar properties which they manifest, and by means of which 
their identity can always be safely established. The considera- 
tion^ however, of the laws of chemical combination will have 
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rendered it apparent that, from the extremely energetic properties 
which have been impressed upon these classes of elementary 
matter, it must be a comparatively rare occurrence to find them 
existing in nature in the isolated or uncombined condition ; and 
therefore, if we are provided with no other means of recognizing 
them than those which apply to that state, these bodies must 
frequently elude us. Such means are not, however, wanting ; and 
it will be seen from the observations which follow, and from the 
details which will occupy this and the next chapter, that the 
tests which we can apply to prove the existence of these bodies 
in their compounds, are, if possible, still more copious and con- 
clusive than those which serve to assure us of their presence 
when they exist in the elementary state. 

In the present chapter we shall devote ourselves exclusively to 
the detection of the basic radicals in their compounds ; reserving 
the' description of the methods of distinguishing the acid radicals 
of compoimd bodies for a subsequent chapter. 

The principal means at our disposal for the recognition of a 
basic radical, is by the addition of some reagent to produce a 
saline combination which shall contain it, and which shall be at 
the scune time easily identified by some remarkable physical or 
chemical characters. The majority of those compounds, the 
formation of which is held to be most conclusive proof of the 
presence of a basic radical, are such as present some striking 
peculiarity of colour, or of insolubility in certain menstrtia, or of 
colour and insolvhility combined ; but there are others again which 
are gases of well-marked properties ; and these are equally recog- 
nizable, and no less certain criteria of the presence of the body 
sought for. 

The great mass of the basic radicals with which the student 
will have to do being elementary, no proof can be obtained of 
their presence from any decompositions which they might im- 
dergo ; the compound basic radicals, as ammonium, strychnine, 
morphine, and quinine, being of complex constitution, may be 
thus recognized. 

Without ftirther remark we will now proceed to state at 
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length the various tests for the basic radicals when in combina- 
tion^ pausing only to give a synoptical view of the subdivisions 
to be adopted^ the members of each of which will be foimd 
identical with those given at page 3, as the subdivisions of the 
basic elements. In Subdivision III., however, three organic 
bases have been introduced. 

1. Salts, the solutions of which are not precipitated by car- 
bonate of ammonium ; by a mixture of the chloride, hydrate, 
and sulphide of ammonium ; or by the passage of hydrosulphuric 
acid gas through their acid solution :-— ^ 

Salts op Potassium, Sodium, Lithium, awd Ammonium. 

2. Salts, the solutions of which are precipitated by carbonate 
of ammonium ; but not by a mixture of chloride, hydrate and 
sulphide of ammonium, nor by the passage of hydrosulphuric 
add gas through their acid solution : — 

Salts op Babium, Stbontium, Calcium, autd Magnesium. 

3. Salts, the solutions of which are precipitated by carbonate of 
ammonium, and also by a mixture of chloride, hydrate and sul- 
phide of ammonium ; but not by the passage of hydrosulphuric acid 
gas through their acid solution : — 

Salts op Yttbium, Ebbium, Tebbium, Thobinum, Cebium, 
Lanthanium, DroTMiuM, ZiBCONiuM, Glucinum, Alumi- 
nium, Chbomium, Ubanium, Ibon, Manganese, Cobalt, 
NicsEL, Zinc, Mobphine, Quinine, Stbtchnine. 

4. Salts, the solutions of some of which are precipitated by car- 
bonate of ammonium, and by a mixture of chloride, hydrate and 
sulphide of ammonium ; but all of which, without exception, are 
precipitated by the passage of hydrosulphuric acid gas through 
their add solution : — 

Salts op Cadmium, Coppeb, Silveb, Mebcuby, Lead, Bis- 
muth, Palladium, Tin, Antimony, Absenic, Platinum, 
Bhodium, Ruthenium, Ibidium, Osmium, Gold, Tungsten, 
Molybdenum, Vanadium. 
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SUBDIVISION I. 

SALTS OF POTASSIUM, SODIUM, lithium, AND OF THE 
COMPOUND METAL AMMONmM. 

The number of these combinations is of course only limited by 
the number of acid-radicals in existence, each of the above basic 
bodies (and the same observation is true of most of the basic 
radicals) having the property of forming salts with every acid 
radical. The stability of these combinations varies with the 
accurate opposition of the combining substances to each other ; 
if they are unequally matched, then a ready decomposition is 
effected, if a more appropriate combination can afterwards occur. 
Since the metals of this subdivision are the most powerfully basic 
bodies with which we are acquainted, the inequality of power, 
if there be any, is always on the side of the acid-radical, and such 
compounds are invariably decomposed when brought into contact 
with an acid-radical of more intense properties. The metallic 
chlorides (Md), bromides (MBr), iodides (MI), and sulphates 
(Mj, SO^) are among the more stable ; while the nitrates (MNO3), 
oxides (MjO), sulphides (M^S), hydrates (MHO), sulphydrates 
(MHS), and carbonates (M^COg), are examples of the more easily 
decomposable salts of these metals. The decompositions take 
place as follows : — 

M,0 +2HC1=H,0 +2Ma 
M,C0,+H,S0,=H,C03+M, SO, 
MHO +HBr ^H^O +MBr. 
These observations also apply to the corresponding salts of almost 
every basic radical known. 

The salts of the metals of this group are remarkable for their 
great solubility in water ; and especially is it to be noted that 
their oxides, sulphides, carbonates*, sulphates, oxalates, and 
phosphates are soluble in that menstruum. The application of 
this statement will be seen when the salts of the other metals are 
considered, since many of their combinations with the acid radicals 
mentioned above are insoluble in water. 

* The rare metal lithium presents a remarkable exception here, its car- 
bonate and phosphate being insoluble. 
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There are certain conventional expressions applied to the salts 
of this group with which the student should familiarize himself : — 

1. Their hydrates (MHO) are termed "the alkalies," or " the 
caustic alkalies ;" and the hydrates of potassium and sodium are 
called "the fixed caustic alkalies/' in contradistinction to the 
hydrate of ammonium, which is very volatile. 

2. Their salts in general are called " salts of the alkalies/' 
or "alkaline salts;" and such expressions as "the sulphates 
of the alkalies," or " an alkaline acetate," are frequently em- 
ployed. 

There is a very striking family resemblance among the salts of 
this group of metals in many of their physical and chemical 
properties ; many of the combinations of the different members 
of the group, with the same acid-radical, crystallize in the same 
form» or are isomorphoiLS : they are all colourless also, unless 
combined with a coloured acid-radical ; and in peculiarity of taste, 
and absence of actively poisonous properties, they possess a great 
similarity* 

Since the great object of analysis is continually to subdivide 
laiger into smaller groups, imtil at last each individual member 
is isolated, we will at once divide this group into two sections, 
by availing ourselves of the following properties of the different 
members :— 

Sbctioh I.— salts of POTASSIUM, SODIUM, and lithium. 

Not volatilized by exposure in a dish to the heat of a naked 
flame, i, e, by ignition. 

Section H.— SALTS OF AMMONIUM. 

Eeadily volatilized by ignition. 

We have comparatively slender means at our disposal for the 
detection of all these metals, on account of the great solubility of 
most of their salts in all menstrua ; for it must be remembered 
that our recognition of substances depends for the most part 
upon the formation of some insoluble salt of well-defined physical 
peculiarities of colour or form. The few salts which are insoluble 
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present, however, such strikiiig features, as almost to defy 
mistake. 

Section I. — Bodies not volatilized by ignition, 
SAI/rS OF POTASSIUM, SODIUM, Aim lithium. 

SALTS OF POTASSIUM. 

Solution for the reactions :— chloride of potassium (KCl) in 
water. 

The metal potassium combines with oxygen in two proportions, 
forming a protoxide K^O, and a peroxide K,Oj; oxygen is, 
however, the only acid-radical with which potassium is known 
thus to combine ; every other salt which it forms contains the 
basic and acid-radicals, either in the same relative proportion as 
they occur in the protoxide K^O, or in those in which they occur 
in the (proto-)chloride KCl, they are therefore termed proto- 
salts ; and all may be referred to the two types of MCI and M^O. 
The potassium salts are white, unless the acid-radical contained 
in them, or an associated basic radical, is coloured ; they are 
good examples of the taste known as saline, and are not usually 
poisonous, unless taken in very large quantities ; they are often 
employed in medicine. 

When heated before the blowpipe they frequently decompose, 
if their acid-radical is a compound ; and this decomposition is the 
more readily effected when they are heated in the presence of 
some powerful chemical agent, such as charcoal, which forms the 
usual support for substances undergoing the blowpipe exami- 
nation. 

This body, although inert generally at low temperatures, be- 
comes at high temperatures a very powerful chemical agent, and 
by its influence under such circumstances, a sulphate, for in- 
stance, would be converted into a sulphide, thus — 

K,S0,+2C=K,S+2C0,: 
or again, a nitrate would yield a carbonate by the joint effect of 
the heat and the carbonic add produced by the combustion of 
the charcoal, thus — 

4KN0,+5C=2B:,C03+3C0,+4N. 
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Some salts, nevertheless, generally those which contain the 
elementary add-radicals, but also a few others, as the cyanide 
and the carbonate, resist this method of decomposition. All 
potassium salts, however, when so heated, fiise, and, with but 
few exceptions, sink into the charcoal. They impart also a violet 
tinge to the blowpipe flame playing over them, — ^the cause of 
this is the volatilization of a small portion of the salt, and its 
subsequent decomposition by the carbonaceous constituents of 
the flame, with separation of potassium. Potassium, it will be 
remembered, when combining with oxygen, inflames, burning with 
a violet light ; to the trace of potassium- vapour produced in this 
experiment, and its immediate reoxidation on contact with the 
highly-heated air surrounding the flame, the reaction in this case 
is due. A good method of performing this experiment is to 
dip a loop of platinum wire (perfectly clean and imparting by 
itselfno colour to the blowpipe flame) p. ^ 

into a solution of the potassium salt 
to be tested: the blowpipe flame 
should be as blue as possible, with 
no white streaks which would inter- 
fere with the observation of the 
colour : the woodcut shows the ar- 
rangement. If a potassium salt be 
mixed with good alcohol, and the 
mixture repeatedly stirred, upon setting it on flre the charac- 
teristic violet flame will be produced. 

Almost the only insoluble salts which potassium forms, and by 
means of which it may be recognized, are the following : — ^the 
chloroplatinate, perchlorate, carbazotate, and add tartrate. 

The Chloroplatinate is produced by the action of hydro- 
chloroplatinic add (HPtCl,) [the so-called bichloride of pla- 
tinum (PtCl,), with 1 equivalent of hydrochloric add (HCl)] on 
solutions of potassium salts : it is a yellow crystalline precipitate ; 
the crystals are octahedral, and belong to the regular system. 
The test, as is the case with most other liquid tests, is appKed 
by simply mixing it with the solution to be tested ; and if the 
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precipitation of the insoluble salt does not occur immediately, 
it is well to agitate the liquid by stirring, or by shaking the 
test-tube containing it. In the present instance, to hasten the 
change, a few drops of hydrochloric acid should be added at the 
same time as the test-liquid ; the presence of alcohol also renders 
the precipitate more insoluble. If so small a quantity of potas- 
sium should be present as to give no precipitate under these 
circumstances, the chloroplatinate of potassium may yet be ob- 
tained by evaporating the solution to which the reagent has been 
added just to dryness, and then digesting it with alcohol. The 
chloroplatinate being far more insoluble in that menstruum than 
in water, remains as a yellow residue if but a minute trace only 
of potassium be present. 

The formula of the precipitate is KPtClj, in which the K is 
the basic and the PtCls the acid radical. The double decom- 
position which produces it is as follows : — 

E:Ca+HPtCl3=HCl+KPtCl3. 

yell. ppt. 

1 part of this salt dissolves in 144 parts of cold water, but it 
is more soluble in hot water : 1 part requires about 3775 parts 
of rectified spirit for its solution. 

The Feschlobate is produced by the action of perchloric 
acid (HCIO^) in solutions of potassium salts, if the latter are not 
too dilute : it is a white crystalline precipitate ; the crystals are 
right rhombic prisms. Its formula is KCIO^. 1 part dissolves 
in 65 parts of water at 15° C, and in a less quantity of boiling 
water. It is quite insoluble in alcohol. 

The Caebazotate is produced by the action of carbazotic 
acid* (HCgHjXjO) on solutions of potassium salts: it is a 
yeUow precipitate which is crystalline, the crystals belonging to 
the rhombic system. Its formula is KCgH^XjO. 1 part re- 
quires 260 parts of water at 15° C. for its solution. It is in- 
soluble in alcohol. 

The Acid Tartrate is produced by excess of tartaric add 

* X=N02, a radical which, in the nitro-std^sii^tion compounds^ is found 
to replace H. 



SALTS OJ SOBIUIC 75 

(HgC^H^Oe or H3T) added to solutions of potassimn salts : it is 
then precipitated rapidly, particularly if they be shaken or stirred. 
The delicacy of this test is much increased if a solution of the 
add tartrate of sodium is added, instead of tartaric add, to a 
neutral solution of the potassium salt. It is a white crystalline 
predpitate, the form of the crystals being that of the oblique 
prism with a rhombic base, and belonging to the monodinic system. 
The formula of the predpitate is KHC^H^Og or KBtT; the 
reaction producing it is as follows : — 

KCa+H, T=HCH-KHT. 

white ppt. 
It is important that excess of tartaric add should be present, and 
not excess of the potassium salt, as in the latter case the neutral 
tartrate, K, T, would be formed, and this is a perfectly soluble 
salt. The neutral tartrate is also produced by dissolving the 
add tartrate in potash (EIHO) solution, thus, — 

KHT+KHOs=KKT+H,0. 

1 part of add tartrate of potassium dissolves in 240 parts of 
water at IQP C. : it is insoluble in alcohol. It dissolves in 
strong adds. 

The Silicofluobide is produced by the action of hydrofluo- 
silidc add (HsSi^F,); a very slight gelatinous film at first 
appears in the liquid, but gradually thickens to a predpitate. 
Its formula is K3 Si^ F,. It dissolves very sparingly in cold, but 
more readily in hot water. 

The Acid Metaktimoniate is soluble. 

The tests most commonly employed for the detection of potas- 
mum are, the violet colour of the blowpipe flame, and the forma- 
tion of the chloroplatinate and the add tartrate. 

SALTS OF SODIUM. 

Solution for the reactions: — chloride of sodium (NaCl) in 
water. 

The metal sodium resembles potassium very dosely. It forms 
two compounds with oxygen, a protoxide (NagO), and a per- 
oxide (Na^O,) ; but among the numerous salts which this metal 

e2 
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forms with other add-radicals, none are found corresponding to 
the peroxide. The salts of sodium are therefore all regarded as 
formed after the types protochloride (MCI), and protoxide (M^O), 
and so are called proto-salts. They are white, unless associated 
with a coloured acid-radical ; they possess in general no poison-^ 
ous properties ; one indeed, the chloride (NaCl), appears to be 
quite necessary to the weU-being of the animal organism. 

When heated on charcoal before the blowpipe, sodium salts, 
like potassium salts, fuse and sink into the charcoal, and suffer 
similar decompositions. They impart to the blowpipe flame a 
brilliant yeUow tinge, which is much more intense than the 
violet colour produced by potassium salts, the latter being less 
volatile than those of sodium. Thus, in a mixture of salts tested 
in this manner, the potassium flame is entirely masked by the 
sodium, unless the salt of the former metal is present in greatly 
preponderating quantity : if the sodium salt is mixed with even 
20 or 30 times its weight of the potassium compound, the yeUow 
colour, though weakened, is still distinctly perceptible. The 
same colour is observed when alcohol is inflamed after digestion 
with sodium salts. 

The only insoluble salt by means of which sodium can be 
recognized, is the add metantimoniate ; but the test is not deli- 
cate, and is difficult of application. 

The Chloboplatinate and the Febchloeate are soluble. 

The Caebazotate is soluble; but a slight predpitate occurs 
in very concentrated solutions. 

The Acid Tabtbate is soluble ; but a slight predpitate occurs 
in very strong solutions. 

The Siuoofltjobide is much more soluble than the correspond- 
ing potassium compound. 

The Acid Metautiinoidate is produced by the action of met- 
antimoniate of potassium (KjHjSbaO^-l-Gaq). This reagent is 
liable to decomposition* by keeping its solution; it should 

* Metantimoniate of potaeaum (KjjHjSbjO^) passes readily into anti- 
moniate of potassium (KSbOg) by losing K^ O ; thus — 

K, H, Sbj 07=2KSb03 4-Ha O. 
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therefore be dissolved only just before applying the test. The 
precipitate separates in crystalline grains, but does not appear 
immediately if the solution be dilute : the deposition is facilitated 
by agitation. 

Its formula is Na^ H, Sb^O^ + 6aq. 

It is almost insoluble in cold water, but slightly soluble in 
boiling water. It is quite insoluble in alcohol. In carbonate 
of potassium solution it dissolves, but not in other potassium 
salts. 

The tests employed in practice for the detection of sodium 
are, the colour of the blowpipe flame, and the formation of the 
add metantimoniate : the former of these is very delicate ; the 
latter, however, is little used, 

SALTS OF LirHIUM. 

Solution for the reactions : — chloride of lithium (LiCl) in water. 

Lithium diSesn in many respects from the two preceding metals ; it forms 
two combinations with oz^rgen, but the salts of lithium are all proto-salts ; 
of these we may take the chloride (liCl) and the oxide (liaO) as types. 
The lithium salts are white when the acid-radical is colourless. 

They are more fusible than the potassium or sodium salts, and impart 
a very distinct carmine colour to the blowpipe flame; the presence of a 
large quantity of a potassium salt does not materially interfere with this 
reaction, but a small quantity of a sodium compound gives rise to a yellow 
flame. 

The insoluble salts by which lithium may be recognized are these : — ^the 
carbazotate, the carbonatCi the phosphate, and the silioofluoride. 

Thb Chloboplatinatb and tiie Fbbchlorate are soluble. 

Thb Carbacotate is produced by the action of carbazotic add. 

The Carbonate is produced by the action of a very soluble neutral 
carbonate, e,ff. carbonate of potassium (K^CO,), of sodium (Na^COa), or 
of ammonium ([NH^J^CO,), upon rather concentrated solutions of ssdts of 
lithium : it is crystalline. 

Its formula is JA^CO^ 1 part requires 100 parts of cold water for its 
solution, but less of boiling water. By most adds it is decomposed and 
dissolved : it is insoluble in alcohol. 

Thb Acn> Tabtratb is soluble. 

The Fhosphate is produced by the action of phosphate of sodium 
(Na^HP04) on solutions of lithiimi salts: the precipitation takes place 
especially on ebullition. If the solution is then evaporated to dryness. 
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and the residue treated afiresh with water, a perfect separation of the lithium 
is effected. This salt is a white powder. 

Its composition is said to be variable : some analyses give the formula 
liNaHPO^. 

It is nearly insoluble in water containing phosphate of soda, scarcely 
soluble in cold water, but more so in hot It dissolves in dilute nitric acid. 

The Silicofluoride is insoluble. 

The distinguishing features by which lithiimi salts are recognized are prac- 
tically these, — ^the carmine-coloured blowpipe flame, and the very insoluble 
phosphate of lithiimi and sodiimi. 

Section II. — Bodies readily volatilized hy ignition, 

SALTS OF AMMONnJK . 

Solution for the reactioiis : — chloride of ammonium (NH^Cl) 
in water. 

Ammonium (NH^) is the first compound metal with which the 
student has to deal. It is not known in the separate state, but 
the salts in which it exists are very numerous: they are all 
proto-salts, 1 equivalent of NH^ being equal to 1 equivalent of H ; 
in other words, the basic radical ammonium is monatomic. All 
these salts are colourless, unless their constituent acid-radical is 
coloured ; they are not actively poisonous unless their acid-radical 
has very poisonous properties. 

When heated, ammonium salts entirely volatilize, and in so 
doing impart no colour to the fiame (the chloride indeed tinges 
the flame blue, but this is due to the chlorine). 

They may, however, be immediately recognized by their be- 
haviour when warmed gently with hydrate of potassium (KHO) ; 
a double decomposition occurs, thus, — 

nh,ci+kho=kci+nh,h:o. 

The hydrate of eunmonium thus produced decomposes into water 
(HjO) and ammonia gas (NH,). This gas has a most peculiar 
pungent odour, termed ammoniacal, but better known as that of 
hartshorn, or spirits of sal- volatile. The pungent odour is suffi- 
cient to reveal the presence of this gas, which may also be de- 
tected by holding over the mouth of a test-tube from which it is 
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issuing, a stout rod moistened with concentrated hydrochloric or 
acetic acid, when dense white fumes will be seen about the rod, 
instead of the ordinary almost transparent vapour of the acid ; 
this effect is due to the formation of an ammonium salt, 

NH3+HCl=]SrH,a 

White fume. 

The principal insoluble salt by which this metal is recognized 
is the chloroplatinate. 

The Chloroplatinate is produced by the action of chloroplatinic 
acid (HPtClg) on solutions of ammonium salts. It is a yellow 
crystaUine precipitate, resembling the corresponding potassium 
salt in being octahedral, and belonging to the regular system. 

Its formula is KH^ PtClg. 

It is very insoluble in cold water, but more so in hot ; it is 
stiU more insoluble in alcohol, 1 part requiring 1405 parts of 
rectified spirit for its solution. It is more soluble in dilute acid 
than in pure water. 

The P£Bchxo£Ate and the Cabbazotate are soluble. 

The Acid Tabtbate is only produced by tartaric acid (HaT), 
when added to very concentrated solutions of ammonium salts, 
especially of the hydrate. It is a white crystalline precipitate of 
the same form as the corresponding potassium compound. 

Its formula is KE^ H T. 

It is as readily soluble in the hydrate of ammonium (KH^ HO) 
as the potassium salt is in hydrate of potassium (KHO), the 
very soluble neutral tartrate being thereby formed. It is rather 
insoluble in cold water, but dissolves freely in boiling water ; it 
is more insoluble in alcohol, and more soluble in acids. 

The SrucoPLTJOBTDE is soluble. 

The tests to be actually employed for the detection of ammo* 
nium obviously are, the volatility of the salt, its ammoniacal odour 
when heated with solution of hydrate of potassium (KHO), or 
when mixed with moist hydrate of calcium (CaHO), and its pre- 
cipitation by chloroplatinic acid. 
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In order to avoid too much verbal recapitulation, and to show the 
student the method of consecutively applying the tests above men- 
tioned when searching either for one or more of the basic radicals 
which the subdivision contains, the Table on the following page 
is annexed. Tables, it must be remembered, are not guides to be 
followed blindly, but only indications of the kind of course which 
the student should pursue in analysis ; the best can after all be 
but descriptions of one series of methods, of which several may be 
equally good for the attainment of the same end ; and the student 
should bind himself to no one formula, but seek frequently to 
vary his method of analysis by adopting other sequences of ex- 
periments. Greater scope will be afforded him in the succeeding 
subdivisions than in the present one for so doing ; and in the 
Tables which wiU be appended to each, we shall not always 
select that which is believed to be the best method of distinguish- 
ing a substance, if a slightly inferior one is more striking. Tables, 
nevertheless, which contain the most accurate methods are of great 
value, and a complete series of such will be found in the second 
part of the present volume : they wiU be constructed upon the sup- 
position that all the substances occurring in their respective sub- 
divisions are present, whilst in those appended to each subdivision 
it will be assumed that one member only is to be detected. 
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Analysis of Stfhdivision I. 

The salt may be one of POTASSIUM, SODIUM, mthium, or 
AMMONIUM. 



Ignite the substance ; if nothing YoUtilizes, we infer the 


absence of 
Ammonium, 
and confirm it by 
gently warming a 
nresh portion of 
the original sub- 
stance with solu- 
tion of hydrate of 
potaasiam. 


presence of 
Potassiimi, Sodium, or Lithium. 
Dissolve a portion of the ignited salt in a few drops 
of water, add one drop of hydrochloric add and a few 
drops of bichloride of platinum, and stir ; if no preci- 
pitate is produced, even after the addition of alcohol, 
and the lapse of some time, we infer the 


absence of 
Potassium. 


presence of 
Sodium or Lithium. 
Dissolve the rest of the ignited salt in 
water, add solution of phosphate of sodium, 
and evaporate to dryness on a water-bath ; 
redissolve in a small quantity of cold 
water ; if an insoluble residue is left, we 
infer the 


absence of 
Sodium. 


presence of 
Lithium. 



SUBDIYISION II. 

SALTS OF BABIUM, STRONTIUM, AND CALCIUM; AND 

OF MAGNESIUM. 

One great distinction between this and the first subdivision 
may be at once pointed out ; it is this : that a far smaller number 
of the salts of these metals is soluble in water ; and among the 
insoluble, or nearly insoluble salts, are found the sulphates, car- 
bonateSy oxalates, and phosphates, nearly all of which are easily 
soluble in the first group, nearly all almost insoluble in the pre- 
sent. It is, however, especially to be remembered, that among 
the soluble salts of this subdivision the oxides and sulphides are 
ranked, because this constitutes a distinguishing feature between 
the first two and the last two subdivisions. If we desire to 
separate the metals of this group £rom those of the preceding one, 
we have only to form their carbonates, oxalates, or phosphates ; 

E 5 
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the metal is thus precipitated in an insoluble combination, and 
being collected on a filter, the clear liquid passing through will 
contain the salts of the first subdivision. The way in which 
these insoluble salts are formed, is by adding a soluble salt of the 
required acid-radical to the solution which we wish to precipi- 
tate ; now almost the only soluble salts of the acid-radicals in 
question are the hydrogen salts (the so-called acids), and the 
salts containing the metals of the first subdivision (the alkaline 
salts); of these, for reasons which will soon be obvious, we 
prefer to employ the ammonium salts, and of the ammonium salts 
the neutral carbonate (1TB[4)2C08 is the most advantageous. Any 
salt thus chosen as the precipitant of an entire group is com- 
monly called the group-tost or group-reagent ; in fact, we find 
in every subdivision that there is a certain reagent which preci- 
pitates every member of the group, to which Ss name of ^up- 
reagent has been applied. Afterwards other reagents are used, 
some of which exercise their action on several members, some on 
individuals only. Subdivision I. has no such general reagent ; 
the entire group is not precipitated by any single substance, we 
are therefore obliged to resort to particular or special tests. 

Certain conventional expressions are attached to the compounds 
of this subdivision also. Their oxides and hydrates are called 
" the alkaline earths," and their other salts " the salts of the 
alkaline earths." 

The three first members of the subdivision bear a very strong 
resemblance to each other ; their salts are for the most part colour- 
less, except in those cases where the acid-radical is coloured. 
The compounds of bariimi are very poisonous, but those of stron- 
tium and calcium are not so. The fourth member, magnesium, 
diflfers in many respects from the others, many of its salts are fer 
more soluble in water ; this difference is strikingly exhibited in 
the case of its sulphate, which is an extremely soluble salt, 
while the sulphates of the other three metals are almost in- 
soluble. 

The second subdivision is as readily broken up into two parts 
or sections as the first, although by different means. 
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Section L— SALTS OP BAEITJM, STRONTIUM, AND CALCIUM. 

Precipitated by carbonate of ammonium ([NH^JjCOg), and not 
redissolved by the addition of chloride of ammonium (NH^Cl). 

sbction n.— salts of magnesium. 

Precipitated by carbonate of ammonium ([NH^JjCOg), and re- 
dissolved by the addition of chloride of ammonium (NH^Cl). 

Since so many insoluble salts occur in this group, there is less 
difficulty in recognizing its different members than in the case of 
the preceding subdivision. 

The group-test is carbonate of ammonium ([NH^JjCGg). 

Section I. — Precipitated by Carbonate of ammonium ([NH^JjCOg), 
arid not redissolved by Chloride of ammonium (NH^Cl). 

SALTS OP BARIUM, STRONTIUM, AND CALCIUM. 

SALTS OF BABIT7H. 

Solution for the reactions :— chloride of barium (BaCl) in 
water. 

Barium forms two combinations with oxygen, a protoxide 
(Ba^O) and a peroxide (BajjOj). The protoxide is the type of a 
large number of barium salts ; these are white unless the acid- 
radical in them introduces colour into the compound ; those which 
are soluble are extremely poisonous. 

When heated before the blowpipe, especially in the presence of 
a reducing agent such as charcoal, they are frequently converted 
into oxide; in these cases the oxide remains infusible, and be- 
comes somewhat incandescent ; but if the salt resists decomposi- 
tion, as do the chloride, bromide, and iodide, it remains as a fused 
mass upon the charcoal. A platinum wire moistened with a 
solution of a barium salt imparts a yellowish-green tinge to the 
blowpipe flame ; this may also be observed with insoluble salts if 
they are previously moistened with an acid, — ^hydrochloric acid for 
instance. Barium salts impart no colour to the borax-bead. 

The principal insoluble salts by means of which barium may 
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be recognized are these : — the chromate, hydrate, sulphate, car- 
bonate, phosphate, and silicofluoride. 

The Chromate is produced by the action of chromate of potas- 
sium (KCrOj) on solutions of barium salts ; in very dilute solu- 
tions it appears only after standing. It is a pale yellow preci- 
pitate. Its formula is BaCrOj,. It is almost absolutely insoluble 
in water, but is dissolved by most acids. 

The Htdeate is produced by the action of the hydrates of 
potassium (KHO) or of sodimn (NaHO) in moderately concen- 
trated solutions of barium salts. The hydrate of ammonium 
(NH^ HO) produces no precipitate. It is to be observed that the 
salts of potassium and sodium may generally be employed indif- 
ferently as reagents, as they ahnost invariably act in the same 
manner ; the salts of ammonium can only in certain instances be 
substituted for those of potassium or sodium, as in most cases 
they exercise an action peculiar to themselves. Many substances 
in feuot are soluble in ammonium salts, but not in the salts of the 
fixed alkalies. The hydrate of barium is a white amorphous 
precipitate. 

The formula of the hydrate is BaHO + 4^aq. Whenever H^ 
is written as aq, it is always to be understood to signify " water 
of crystallization," or water loosely combined with the substance : 
this water need never be taken into account in writing the equa- 
tion which represents the reaction ; in the present case, for in- 
stance, the change which takes place is simply a mutual trans- 
ference of acid and basic radical between the acting substances, 
and may be represented thus : — 

BaCl+KHO=KCl+BaH:0. 

White ppt 

The hydrate of barium is comparatively soluble in water, 1 part 
dissolving in 35 parts of water at 13° C, and in 2 parts at 100° C. 
It is immediately dissolved by those acids whose barium salts are 
soluble, and it is decomposed by most others. 

The Sulphate is produced by the action of sulphuric add 
(Hj SO4), or of soluble sulphates on solutions of bariimi salts : 
in very dilute solutions it becomes evident only after standing 



SALTS OF BASItTM. 85 

for a few seconds. It is a white pulverulent precipitate^ which 
glistens somewhat in the light. 

Its formula is Ba, SO^. 

It is one of the most insoluble substances known, 1 part dis- 
solving in 43,000 parts of water : its solubility is not perceptibly 
increased by the presence of chloride of ammonium or chloride 
of sodium, nor by acids, although there are circumstances in 
which certain salts of citric add prevent the formation of the 
precipitate of sulphate of barium. 

The Carbonate is produced by the action of the neutral car- 
bonate of potassium or ammoniimi (K^COg or [KH^JaCOj) on 
solutions of barium salts. It is a white precipitate. 

The formula is Ba^COg. 

This salt is slightly soluble in solutions of ammonium salts 
(especially in chloride of ammonium) ; it is almost perfectly inso- 
luble in water, 1 part dissolving in 15,420 parts of water at the 
boiling temperature : it is readily decomposed by most acids ; 
but dissolves in solution of carbonic add (H3CO3), forming the 
soluble add carbonate of bariimi (BaHCOg), thus : — 

Ba,C03+H,C03=2(BaJEC03). 

The Oxalate is produced by the action of the oxalate of potas- 
sium or ammonium (K^CaO^ or [NH^J^CjO^) on solutions of 
barium salts. It is a white pulverulent precipitate. 

Its formula is BaaCjO^. 

It is slightly soluble in a solution of chloride of ammonium, 
and dissolves in 200 parts of water (either cold or boiling). It is 
readily dissolved by most adds, but not by acetic acid (HA 
or HC.HgOj. 

The add oxalate is produced by the action of oxalic add 
(H3C2O4) on solutions of barium salts ; it appears, after standing 
for a few minutes, as a white crystalline precipitate : the crystals 
are very acute rhombohedrons. Its formula is BaHCjO^. 1 
part of this salt dissolves in 336 parts of water at 15°*5 C. ; it is 
more soluble in hot water, but less so in alcohol. It is dis- 
solved readily by most strong adds. 

The Fbbbocyawidb is produced by the action of ferrocyanide of 
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potassium (K^Cfy) on concentrated solutions of barium salts. It 
is a dense pale yellow and crystalline precipitate. Its formula 
(disregarding its water of crystallization) is KBaCfy ; thus being 
in reality a ferrocyanide of potassium and barium. It is soluble 
in 36*38 parts of water at 14° C, and in 11*85 parts of boiling 
water. 

The Phosphate is produced by the action of phosphate of 
sodium (Na, HPO^) on solutions of barium salts. It is a white 
pulverulent precipitate. Its formula is Baj, HPO^. It dissolves 
easily in solutions of many anmionium salts, from which it is 
reprecipitated by the hydrate of ammonium (NH^ HO). 1 part 
dissolves in 20,570 parts of water at 20° C. ; it is readily dissolved 
by most acids, even by acetic acid. 

The Silicofluoride is produced by the aciaon of hydrofluosilicic 
add (H, Si, E^) on solutions of barium salts. It is a white, trans- 
parent and gelatinous precipitate, the separation of which is 
promoted by shaking and stirring the liquid, and by the addition 
of alcohol to it. 

Its formula is Ba, Si, F^. 

1 part of this salt is soluble in 3802 parts of water at the 
ordinary temperature, or in 733 parts of water acidulated with 
hydrochloric acid: it is more soluble in hot water; nearly in- 
soluble in alcohol. 

The special tests employed for the detection of the various 
members of the preceding subdivision produce no precipitates 
with solutions of barium salts. 

The special tests for barium which the student should parti- 
cularly remember are these ; — ^the yellowish-green blowpipe flame, 
the insolubility of the chromate and of the sulphate, and the pro- 
duction of the nearly insoluble siHcofluoride. 

SALTS OF STEONTITJM. 

Solution for the reactions : — ^nitrate of strontium (SrNO,) in 
water. 

Strontium, like barium, forms two combinations with oxygen, 
a protoxide (Sr^O) and a peroxide (Sr^O,). The protoxide may 
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be regarded as the type of the large number of salts which this 
metal forms. Salts of strontiTim resemble barium salts in most 
of their chenueal characters^ but differ from them in being desti- 
tute of poisonous properties. 

When heated before the blowpipe^ strontium salts are for the 
most part converted into the oxide, which remains infusible, and 
becomes somewhat incandescent when the blowpipe flame is 
directed upon it. 'fhe chloride, bromide and iodide resist decom- 
position under these circumstances, and remain fused, and not de- 
composed even on charcoal. A wire moistened with a solution 
of any strontium salt imparts a fine crimson colour to the flame, 
which, unlike the similar colour imparted by lithium, does not 
disappear after long heating. The borax-bead is colourless and 
transparent. 

The priQcipal insoluble salts by which strontium is recognized 
are the hydrate^ the sulphate, the carbonate, the oxalate, and the 
phosphate. 

The Chboicate is soluble. 

The Htdbatb is produced by the action of hydrate of potas- 
sium (KHO) on rather concentrated solutions of strontium salts : 
the hydrate of ammonium (NH^ HO) produces no precipitate. It 
is white and flocculent. 

Its formula is SrH0+4^aq. 

It is less soluble in water than the corresponding barium salt ; 
I part requiring 50 parts of cold water, or 2*4 parts of boiling 
water for its solution. It is dissolved by those acids -vdiose 
strontium salts are soluble, and decomposed by most others. 

The Sulphate is produced by the action of sulphuric acid 
(H, 80^) or of soluble sulphates on solutions of strontium salts, 
unless they are extremely dilute. It is a white pulverulent 
precipitate. 

Its formula is Sr^ 80^. 

It is somewhat more soluble than the corresponding barium 
salt. A solution of chloride of ammonium does not dissolve it; 
but in a solution of chloride of sodium it is gradually but com- 
pletely taken up^ although it is repredpitated by the addition 
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of sulphuric acid (HjSO^). 1 part dissolves in 6895 parts of 
water at 14° C, and in 9638 parts of boiling water. 

The Carbonate is produced by the action of the neutral car- 
bonates of potassium or ammonium (K^COg or [KH^JjCOg) on 
solutions of strontium salts : it is a white precipitate. 

Its formula is SraCO,. 

This salt is more soluble in solutions of ammonium salts, espe-* 
dally chloride of ammonium, than is the corresponding barium 
compound. It dissolves in 18,045 parts of water at the ordinary 
temperature, but in a much less quantity of boiling water; it is 
readily decomposed by most acids ; but in solutions of carbonic 
add gas (CO^) it dissolves without decomposition, in the same 
manner as the carbonate of barium, forming the analogous com- 
pound, namely, the acid carbonate of strontium (SrHCOg). 

The Oxalate is produced by the action of oxalic acid (RJufi^y 
or of soluble oxalates, even in dilute solutions of strontium salts. 
It is a white predpitate. 

Its formula is Sr^CaO^. 

This salt is very soluble in hot aqueous solutions of chloride or 
nitrate of ammonium ; it is very sparingly soluble in cold water, 
but dissolves in 19*2 parts of boiling water ; it is dissolved readily 
by most strong adds, but not by acetic acid (HC^HgOa, or HA). 

The Eebbocyakide is soluble. 

The Phosphate is produced by the action of phosphate of so- 
dium (Na^^HPO^) on solutions of strontium salts. Its formula is 
Sr^HPO^. It dissolves readily in most ammonium salts, but is 
reprecipitated by the addition of hydrate of ammonium (NH^HO). 
It is insoluble in water, but dissolves in most adds. 

The SnicoELTJOBiDB is soluble, espedally in the presence of 
adds. 

The special tests of the first subdivision are without well- 
defined action on salts of strontium. 

The special tests for strontium which the student should par- 
ticularly remember are these : — ^the blowpipe flame, the action of 
sulphates on soluble strontium salts, and the absence of the re- 
action with chromates and silicofiuorides ; by means of this last 
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test this metal & usually distinguished from barium, the reactioiis 
of which in most other respects are so similar to its own. 

SALTS OF CALCIUM. 

Solution for the reactions: — chloride of calcium (CaCl) in 
water. 

GalcLum, like the two preceding metals, forms two combinations 
with oxygen, a protoxide (CaaO), and a peroxide (Ca^Oa) : it com- 
bines with almost every add-radical to produce salts; which^ 
like those of barium and strontium, are all proto-salts. They are 
colourless, except in cases where the acid-^radical introduces 
colour. They are devoid of poisonous properties. 

These salts resemble those of the two preceding metals in their 
behaviour when heated before the blowpipe on charcoal, being 
for the most part decomposed into the oxide (lime). This oxide 
remains infusible, and is remarkably incandescent, the light 
which it emits increasing with the intensity of the heat, and 
reaching its maximum only when the lime is subjected to the 
highest temperature at our disposal — such, for instance, as that 
produced by the oxyhydrogen blowpipe. The light thus obtained 
has been utilized, and is known as the '^lime light." The 
chloride, bromide, and iodide of calcium resemble the corre- 
sponding salts of barium and strontium in remaining undecom- 
posed before the blowpipe flame on charcoal. A platinum wire, 
moistened with a solution of a calcium salt, tinges the flame of 
an orange-red colour ; the colour, however, imparted by a i^wre 
salt of calcium is a veiy pure red, the orange tint which it ge- 
nerally has being in fact owing to the presence of a trace of 
sodium ; the red of pure calcium salts may even be mistaken for 
the crimson of strontium compounds ; actual comparison, never- 
theless, shows the difference. The red colour may be observed 
even with the insoluble salts of calcium, by heating them before 
the blowpipe after they have been moistened with a strong add, 
such as hydrochloric add. The borax-bead is colourless. 

The prindpal insoluble salts of calcium are the hydrate, the 
sulphate, the carbonate, the ferrocyanide, and the phosphate. 
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The Chbomate is soluble. 

The Htdbate is produced by the action of hydrate of potassium 
(KHO) on solutions of calcium salts ; the hydrate of ammonium 
(NH4HO) produces no precipitate. The hydrate is a white bulky 
precipitate. 

Its formula is CaHO. 

This salt dissolves in about 730 parts of water at the ordinary 
temperature, but at temperatures about the boiling-point, in from 
1310 to 1360 parts, thus presenting the peculiarity of being less 
soluble in hot than in cold water. It dissolves readily in most adds. 

The Sulphate is produced by the action of sulphuric add 
(K^SO^) or soluble sulphates on solutions of caldum salts, unless 
they are very dilute. It is a white, somewhat crystalline pre- 
dpitate. 

Its formula is CeL^^0^-{-2axi. 

The solubility of this salt in water is increased by the presence 
of chloride of ammonium, or of other ammonium salts, and also 
by sodium salts, espedally the chloride of sodium; from its solution 
in water containing this latter compound it is not repredpitated, 
as the sulphate of strontium is, by the addition of sulphuric add 
(HjSO^). Sulphate of caldum is far more soluble in water than 
the corresponding salts of barium and strontium, 1 part re- 
quiring about 460 parts of water, either at the ordinaiy tem- 
perature or that of boiling water, for its solution. 

The Carbonate is produced by the action of the neutral car- 
bonate of potassium or ammonium (K^^^s ^^ l^^JS^^s) ^^ solu- 
tions of calcium salts. It is a bulky white predpitate, but 
when seen under the microscope, is found (as is the case with 
many other predpitates) to be crystalline. It is a substance 
which is said to be dimorphous, for it is capable of assuming two 
distinct crystalline forms not belonging to the same system : the 
occurrence of these forms is determined by the temperature at 
which the salt is produced ; if predpitated in the cold, the crystals 
assume forms belonging to the rhombohedral system ; if at the 
temperature of boiling water, they belong to the right prismatic 
system. 
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Its formula is Ca,COg. 

When recently precipitated, it dissolves with comparative ease 
in concentrated solutions of chloride of ammonium and other 
ammonium salts ; it is also soluhle to a slight extent in solutions 
of chloride of sodium. In water it is very slightly soluble, 1 part 
requiring 10,600 parts at the ordinary temperature, and 8834 
parts of water at 100° C. for its solution. It is decomposed by most 
adds, and dissolved by solution of carbonic acid gas (CO,), with 
formation of the acid carbonate (CaHCOg). 

The Oxalate is produced by the action of oxaHc add (HjC^O^), 
or soluble neutral oxalates, on solutions of calcium salts ; when 
extremely dilute, appearing after the lapse of a few seconds. It 
is a grantdar predpitate. 

The formula of the salt dried at 100° C. is Ca^C^O^+aq. 

It is insoluble in chloride of ammonium and in water ; it is 
also insoluble in acetic add (HA), but dissolves in the stronger 
adds, nitric and hydrochloric, readily. 

The Ferrocyanide is produced by the action of ferrocyanide of 
potassium (K^Ofy) on solutions of calcium salts, especially on 
standing, and more quickly still by boiling. It is a dense white 
predpitate. Its compodtion is that of a ferrocyanide of potasdum 
and caldum ; it is KCaCfy+l^aq. This salt is more insoluble 
in the presence of chloride of ammonium and other salts ; it dis- 
solves in 795 parts of water at 15° C, and in 145 parts of boiling 
water: it is soluble in dilute, but insoluble in concentrated hy- 
drochloric add. 

The Phosphate is produced by the action of the phosphate of 
sodium (Na, HPO^) on solutions of calcium salts. It is a bulky 
white precipitate. Its composition is probably CagHPO^. It is 
somewhat soluble in solutions of ammonium salts, and also in 
solutions of chloride of sodium. 

The Shjcopluobtde is soluble. 

The special tests of the preceding subdividon are without well- 
defined action on the salts of calcium. 

The special means of distinguishing calcium from strontium 
and barium which the student should remember are these : — ^the 
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blowpipe flame and remarkable incandoBcence ; the comparative 
insolubility of the ferrocyanide, and the comparative solubility of 
the sulphate, as serving to distinguish calcium from both stron- 
tium and barium ; and the solubility of the chromate and silico- 
fluoride as distinguishing it from barium. 

Sectiok II. — PrecipiixUed hy Carbonate of ammmium 
([NH^JjCOj), andi redi89olved hy Chloride of ammonium (NH^Q). 

SAULS OF MAGNESIUM. 

SALTS OF HAGKESITJH. 

This metal resembles the three preceding in forming one class 
of salts only, namely, proto-salts. These salts, although resem- 
bling those of barium, strontium, and calcium in many respects, 
yet differ from them in many chemical characters. They are 
white, unless when combined with a coloured acid-radical, and 
act powerfully as purgatives when taken into the animal system. 

When heated on charcoal they are for the most part decom- 
posed, and the oxide formed is as infiisible and highly incan- 
descent as lime : the chloride, bromide, iodide, &c., if perfectly 
free from water, are not decomposed ; but if water be present, 
they too decompose by fusion thus — 

2MgCl+H,0=Mg,0+2HCl: 
this decomposition will be found to obtain among many of the 
succeeding metals. Magnesiimi salts impart no colour to the 
blowpipe flame ; but when strongly heated in the oxidizing flame, 
after having been moistened with solution of nitrate of cobalt 
(C0NO3), the mass is found on cooling to have acquired a very pale 
pink colour. The borax-bead is transparent and colourless. 

The principal insoluble salts by means of which this metal is 
recognized are— the hydrate, the carbonate, the ferrocyanide and 
the phosphate. 

The Chromate is soluble. 

The Hydrate is produced by the action of the hydrate of po- 
tassium (B[HO). It is a bulky white precipitate. The hydrate 
of ammonium (NH4 HO) exerts a veiy peculiar action upon solu- 
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tions of magnesiiiin salts^ which must be here explained, as it is 
the type of a reaction which will be found to occur frequently 
between hydrate of ammonium and the salts of other metals. . 

This reaction has its foundation in the fact that salts of am- 
monium containing strong acid-radicals, as d and SO^, form 
double salts with magnesium salts, and that from these double 
salts the magnesium cannot be precipitated by the addition of 
hydrate of ammonium in excess. The hydrate of ammonium acts 
in the first place by ordinary decomposition upon a magnesium 
salt, producing the hydrate of magnesium ; but in so doing a salt 
of ammonium must be simultaneously formed, corresponding to 
the original magnesium salt ; thus — 

MgCl+NH,HO«NH,Cl+MgHO. 

Precipitate. 

The chloride of ammonium thus produced then unites with an-< 
other equivalent of chloride of magnesium (supposing more to be 
present) ; and upon the double salt so formed (MgCl, NH^Cl) auy 
excess of hydrate of ammonium will exert no decomposing action. 
Hydrate of ammonium, therefore, when added in excess to a 
solution of a magnesium salt, can never precipitate more than 
one-half of the magnesium ; and for every two equivalents pre- 
sent, the following will be the decomposition : — 

2MgCl+2NH,H:0=MgCl, NH,Cl+MgHO+NH,HO. 

Soluble double Precipitate, 
salt. 

It is obvious from this, that if excess of ammonium salt is sub- 
sequently added, even that portion of the hydrate of magnesium 
formed will be perfectly dissolved, because 

MgH0+2NH,Cl=NH,H0+MgCl, NH,a. 
The hydrates of barium, strontium, and calcium being more 
soluble than the hydrate of magnesium, also produce the hydrate 
when added to magnesium salts. 

The formula of the salt dried at 100° C. is MgHO. 

It dissolves readily in salts of ammonium and m 55,368 parts 
of cold or boiling water ; it is easily decomposed and dissolved by 
almost every acid. 
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The Sulphate is extremely soluble. 

The Carbonate is produced by the action of neutral carbonate 
of potassium (B^jCOa) on solutions of magnesium salts. The neu- 
tral carbonate of ammonium does not produce an immediate pre- 
cipitate, but after boiling the solution or allowing it to stand, a 
portion of the magnesium is precipitated. It is a bulky white 
precipitate. 

The formula of this salt is variable, on account of its not being 
the neutral carbonate, but a mixed carbonate and hydrate ; it is 
sometimes 2(MgB[0), 3(Mg2C03)-f-3aq, and sometimes MgHO, 
2(Mg2C03)+2aq. The reaction which results in its formation 
is not so simple as those previously given ; it is as follows : — 

8(MgCl)+4(Na, 003)4- 4(H,0)=2(MgH0), 
3(Mg,C03), 3aq + 8NaCl + CO,. 

The precipitate is increased by boiling, because then the carbonic 
acid escapes which has been keeping a portion of the magnesium 
in solution as acid carbonate (MgHC03), which, in common with 
the other acid carbonates of this subdivision, and all salts of 
similar composition, is perfectly soluble in cold water, but is de- 
composed directiy the temperature is raised, with precipitation of 
neutral carbonate and evolution of carbonic acid gas. 

The formula of the salt produced by very great excess of neu- 
tral carbonate of ammonium ([NH^J^COg), is MgKH^COgH-Saq; 
the precipitation of the magnesium is said to be complete. This 
precipitate is quite soluble in pure water if cold, but from the 
solution when boiled, neutral carbonate of magnesium is precipi- 
tated, the neutral carbonate of ammonium volatilizing at the same 
time ; thus — 

2(MgOT[,C03)=Mg,C03-f-(NH,XC03. 

Precipitate. 

Both the above-described precipitates are instantiy dissolved by 
solutions of anmionium salts. The first of them is somewhat 
soluble in excess of cold solutions of its precipitants, and in most 
other sodium and potassium salts, as chloride, sulphate, and 
nitrate. It requires 2493 parts of cold, and 9000 of boiling 
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water for its solution. Both salts are readily decomposed and 
dissolved by almost every acid, but are dissolved with formation 
of the acid salt by solutions of carbonic acid gas (CO.^). 

The Oxalate is soluble, unless the oxalic add or soluble oxa- 
late employed is added to very concentrated solutions of mag- 
nesium salts, or the mixture allowed to stand for some time ; 
the precipitate is easily dissolved by ammonium salts and 
adds. 

The Febbocyaitcde is produced by the action of ferrocyanide 
of potassium (K^Cfy) after long standing or by rapidly boiling : 
its predpitation is also immediately induced by the action of 
chloride of ammonium (NH^Cl). 

Its formula is Mg^Cfy+Gaq; but when an ammonium salt 
is present, the salt appears to be MgNH^Cfy. 

It is insoluble in chloride of ammonium, but is dissolved im- 
mediately by hydrochloric acid. 

The Phosphate is produced by the action of phosphate of 
sodium (Na^HPO^) on solutions of magnesium salts, and is 
slowly predpitated. It is white and crystalline. Its formula 
is MgjHPO^+Taq. It is insoluble in ammonium salts : it dis- 
solves in 322 parts of cold water, but is less soluble in boiling 
water : it is said to decompose on boiling. In acids it is imme- 
diately soluble. 

If hydrate of ammonium (NH^ HO) be present in a solution of 
magnesium salt when the phosphate of sodium is added, the 
latter salt becomes one of the most delicate tests for the presence 
of magnesium, which is then completely precipitated from its 
solutions in ammonium salts (the double salts before mentioned), 
fix)m which no other reagent in common use will separate it. 
. The Phosphate of Magnesium and Ammonium thus produced 
crystallizes in regular six-sided prisms, with dihedral summits, 
belonging to the right prismatic system. 

Its formula is Mg, NH, P0,+ 6aq. 
. It dissolves in 7548 parts of solution of chloride of ammonium, 
and in 15,627 parts of chloride of ammonium solution containing 
hydrate of ammonium ; it requires 44,330 parts of water con- 
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taming hydrate of ammonium for its solution ; and it dissolves 
in 15,293 parts of pure water at the ordinary temperature, but 
is far more soluble in boiling water, and very readily soluble in 
most adds. 

The Silicofluobide is soluble. 

The special reagents of the first subdivision exert no well- 
defined action on solutions of magnesium salts. 

The special means of recognizing magnesium are these : — ^its 
incandescence and blowpipe reaction with nitrate of cobalt 
(CoNOg) : its precipitation by carbonate of potassium (KjCOg) in 
common with the other members of the present subdivision, and 
the immediate re-solution of this precipitate by the addition of 
an ammonium salt, while its immediate precipitation from such 
solutions by the addition of hydrate of ammonium and phosphate 
of soda is a yet more striking feature. From barium, strontium, 
and calcium, the excessive solubility of its sulphate will serve to 
distmguish it ; and from calcium it is also distinguished by the 
immediate solubility of its ferrocyanide in hydrochloric acid. 



Beactions. 


Ba. 


Sr. 


Ca. 


IMTg. 


Chromate 


yellow 

white 

white 

white 

white 

white 
white 


white 
white 
white 
white 

white 


white 
white 
white 
white 
pale yellow 
white 


white 

white 

r yellowish 1 
white J 
white 


Hydrate 


Sulphate 


Carbonate , 


Oxalate 


PeiTOCYftnide, t 


Phosphate 


SilifYtfluoride. 




Colour imparted to the \ 
blowpipe flame 


green 


crimson 


red 


— 



We now give a Table exhibiting the general method of dis- 
tinguishing the members of this subdivision, on the supposition 
that it is our object to analyse a solution in which only one of 



DSTECnON OF THE BASIC SADICAXS. 



97 



these basie radicals exists. It must be borne in mind that this 
table, like that given on page 81, is meant only to indicate the 
general plan of procedure in such cases. 

Analysis of Svhdivision II. 

The salt may be one of BARIUM, STRONTIUM, CALCIUM, 
or MAGNESIUM. 



Diflsolye in water, or in a few drops of hydrochloric add ; add a con- 
siderable quantily of solution of chloride of ammonium ; warm the Uquid 
gently, and add solution of carbonate of ammonium until no more pre- 
cipitate is produced. 



The absence of any 
precipitate indicates 
the presence of 
Magnesium, 
which remains in 
solution as 
MgCl,NH40L 
Its presence must be 
ooxmrmed by the 
addition of a few 
drops of phosphate 
of sodium, and of 
hydrate of ammo- 
mum, whicdi will 
produce a crystalline 
precipitate, either 
immediately or after 
the lapse of a few 
minutes. 



The formation of a precipitate indicates the pre- 
sence of 

Barium, Strontium, or Calcium. 
Filter and wash with water; redissolve the preci- 

Eitate in a few drops of hjrdrochloric acid, and add 
ydrofluoflilicic acid with simultaneous agitation. 



The formation 
of a transparent 
gelatinous pre- 
cipitate indi- 
cates the pre- 
sence of 
Barium. 



The absence of any precipitate in- 
dicates the presence of 

Strontium or Calcium. 
Add a solution of ferrocyanide of 
potassium. 



The formation 

of a precipitate, 

especially on 

cates 
Calcium. 



The absence of a 
precipitate in- 
dicates 
Strontium, 
the presence of 
which must be 
confirmed by the 
addition of a drop 
of dilute sulphuric 
acid, or by the 
blowpipe flame. 



SUBDIVISION in. 

Salts op yttbium, thobinuM; cebium^ lanthanium, didymium, 
zmcoNiuM, OLUCiNTrM, ALUMINIUM, CHROMIUM, xjbanium, 

TITANIUM, TANTALUM, NIOBIUM, AND PELOPIUM, IRON, MAN- 
GANESE, COBALT, NICKEL and ZINC; and op the com- 
pound bases mobphine, quinine, and stbychnine. 
It was remarked in the prefatory observations to the last sub- 
diyision, that the present group was distinguished from the 
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former^ as that again was from the one preceding it, by the 
increased number of insoluble salts which its members formed. 
In addition to the carbonates, oxalates and phosphates, which are 
as a general rule insoluble in water and in neutral saline solu- 
tions, both in this and the second subdivision we find that the 
hydrates and sulphates of the metals and basic radicals belong- 
ing to this group are almost equally insoluble. A well-marked 
distinction is thus seen between the members of the present 
subdivision and those of the two preceding ones ; and their se- 
paration may be readily effected by taking advantage of this 
difference. 

To the oxides of the first eight of the above metals the con- 
ventional expression " the earths " is frequently applied, and their 
salts are spoken of in general as ''the salts of the earths," 
while to the last three the term '' alkaloids " is applied, and their 
salts are called '' the salts of the alkaloids." 

The really important members of this group, to the reactions 
of which only the beginner need at first attend, are the salts of 
aluminium, chromium, uranium, iron, manganese, nickel, cobalt 
and zinc; the remainder, viz. the salts of yttrium, thorinum, 
cerium, lanthanium, didymium, zirconium and glucinum, are of 
very rare occurrence. They form a kind of link between the 
second and third subdivisions, resembling the salts both of mag- 
nesium and of aluminium in many particulars. Neither need 
the reactions of the compound bases, morphine, quinine, and 
strychnine, be studied bythe beginner ; it may be remembered, 
however, that they are all decomposable by ignition. One 
characteristic of certain oxides of this group deserves to be men- 
tioned: they are, after ignition, soluble only in hot sulphuric 
add. 

There are several reactions by means of which this group may 
be divided into smaller sections: this division is perhaps most 
easily, and, for practical purposes, most effectively accomplished 
by the action of excess of hydrate of ammonium in the presence 
of chloride of ammonium. The group divides thus : — 
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SscTiov I. — SALTS OF tttbium, thorinvm, cerium, lakthanium, didtmium, 
ziBComuM, GLVcnnTM, ALUMINIUM, CHBOMIUM, uranium, tita- 
nium, TANTALUM, NIOBIUM, AND PBLOPIUM. 

Not volatilized by heat, but precipitated as hydrates by excess 
of hydrate of ammonium (KH^ HO) in the presence of chloride of 
ammonium (NH^Cl) ; ferrio salts behave in a similar manner. 

SECTION n.— SALTS OF MANaANESB, COBALT, NICKEL, AND 

ZINC. 

Non-volatile, and not precipitated by the addition of excess of 
hydrate of ammonium (NH^ HO) in the presence of chloride of 
ammonimn (NH^Cl) ; ferr(m8 salts behave in a similar manner. 

SbCTION in. — SALTS OF THB COMPOUND BASES, MORPHINE, QUININE, AND 
8TBTCHNINB. 

Volatilized and destroyed by heat. 

The group-test is a soluble sulphide — a salt chosen because it 
precipitates every member of this group, but produces no pre- 
cipitate in either of the preceding groups. Of the soluble sul- 
phides, sulphide of ammonium ([NH^]^ S) is selected, for reasons 
which will be evident presently. 

Sectiok I. — Salts not volatilized by Jieat, hut precipitated as hy- 
drates by excess of Hydrate of ammonium (NH^ HO) in the 
presence of Chloride of amm,onium (NH^Cl) 

SAI/rS OF YTTRIUM, THORINUM, CBRIUM, LANTHANIUM, DIDYMIUM, ZIRCONIUM, 

GLUOiNUM, ALUMINIUM, CHBOMIUM, uranium, titanium, tanta- 
lum, NIOBIUM, AND PELOPIUM. 

SALTS OF YTTRIUM. 

The salts of this metal are but of rare oocurrence in nature ; and it has been 
diown that they consist of a mixture of the salts of three metals, to which the 
names Yttrium, Erbium, and Terbium have been assigned ; their separation 
Ib, however, yery difficult, on account of the small quantity in which they 
occur, and the great similarity of their chemical characters ; the mixed salts 
are therefore generally called the salts of yttrium, and recognized by the 
reactions given below : these salts are believed to be proto-salts. 

The colour of the salts is* white, unless the acid-radical introduces colour. 
The taste of pure yttrium salts is at first sweet, and then astringent. Heated 
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before the blowpipe, the oxide is generally produced, and remains infusible. 
The oxide of erbium is said to be of an orange-colour, while the salts of 
terbium are said to acquire a reddish colour on drying. Yttrium salts give 
no peculiar reaction with borax before the blowpipe, nor do they impart any 
colour to the flame ; with nitrate of cobalt, oxide of yttrium {Y^ O) gives a 
greyish'bltie colour. 

The principal insoluble salts which this metal forms are these, — ^the hydrate, 
the double sulphate of yttrium and potassium, the carbonate, the oxalate, the 
ferrocyanide and the phosphate. 

The Cyanide is soluble. 

The Hydrate is a white powder, and is produced when the hydrates of 
potassium or ammonium are added to solutions of yttrium salts : it is also 
formed by the action of the sulphides of potassium or ammonium, its precipi- 
tation being accompanied by the evolution of hydrosulphuric acid, according 
to the following equation : — 

2YC1+(NH4)2 S+2H2 0=2YHO+2NH4 CH-H^ S. 

The composition of the precijdtate is not always exactly YHO ; for occa- 
sionally it contains a little of the original salt of yttrium employed, if that 
salt were the sulphate or nitrate. This hydrate is insoluble in excess of the 
precipitants ; it dissolves somewhat in salts of ammonium, and if boiled with 
them dissolves entirely, displacing the ammonium. It is insoluble in water, 
but soluble in acids. 

The Double Sulphate of Yttrium and Potassium forms when a saturated 
solution of sulphate of potassium is added to a somewhat concentrated solution 
of a salt of yttrium. It is a crystalline powder. Its formula is said to be 
YESO^. It is soluble in 10 parts of the precipitant, in 16 parts of cold 
water, and in a less quantity of a solution of an ammonium salt, or of acids. 

The Carbonate is produced by the action of the carbonates of potassium 
or ammonium on solutions of yttrium salts ; it is also formed by exposure 
of the hydrate to the air. It is a white powder, occasionally crystalline. 
Its composition is Y^COg+Saq. 

The Oxalate is produced by the action of oxalic acid or oxalate of am- 
monium. It is a white powder. Its composition is Y^CjO^+Saq. The 
three salts (those of yttrium, erbium, and terbium) of which this precipitate 
is composed are of different degrees of solubiUly in acids, the yttrium salt 
being more soluble than the others : a method of separation has been founded 
on this fact. It is insoluble in water, also in oxalic and in dilute hydrochloric 
add, but is soluble in nitric or conc^trated hydrochloric acid. The action of 
oxalate of potassium on yttrium salts produces the double oxalate of yttrium 
and potassium YKC^ O4. 

The Ferrocyanide is produced by the addition of ferrocyanide of potassium 
to any salt of yttrium except the acetate. The precipitate is at first white, 
changing to a pearl-grey. Its composition is YjCfy. It is insoluble in 
excess of the precipitant, in water, and in acetic acid, but soluble in hydro- 
chloric ncid. 
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Thb Phosphate is formed by the addition of phosphate of sodium to salts of 
yttrium. It is a white powder. Its formula is probably Yj IDPO^. It is 
very sli^tly soluble in water, but dissolves in hydrochloric or nitric acids : 
on boiling these solutions the salt T3 PO4 is deposited, while this precipitate, 
by exposure to the air, becomes converted into a mixture of T^ CO3 and 
Y2 HPO4. Y3 PO4 occurs in nature as the mineral Xenotime. 

The Silicofluoridc is insoluble in water, but soluble in hydrochloric acid. 

The other reagents of the preceding groups produce no characteristic pre- 
cipitates with solutions of yttrium salts. 

The characteristic reactions by means of which the metal yttrium is distin- 
guished, are — the absence of colour in the borax bead, and the insolubility of 
the hydrate in the hydrates of potassium or ammonium, coupled with the 
great solubility of its double sulphate. 

SALTS OF THORINUM. 

The salts of thorinum are even rarer than those of yttriimi. The mineral 
Thorite is the chief source of this metal. Its salts are believed to be proto- 
salts : they are white, unless the acid-radieal introduces colour. When these 
salts are heated before the blowpipe, the oxide (Th<2 0)is generally produced, 
and remains infusible ; it imparts no tinge to the flame, and gives with 
borax a colourless bead. It yields no characteristic reaction with nitrate of 
cobalt. 

The principal insoluble salts which this metal forms are these, — ^the 
hydrate, the sulphate of thorinum and potassium, the carbonate, the oxalate, 
the ferrocyanide and the phosphate. 

Thb Cyanidb is soluble. 

The Hydrate is formed by the action of the hydrates or sulphides of 
potassium or ammonium on solutions of thorinum salts. It is a white gela- 
tinous precipitate. Its formula is probably ThHO. It is soluble in excess 
of the precipitants, and in water. It is readily dissolved when moist by 
hydrochloric and nitric acids, but with difficulty when dry. 

The Double SxQphate of Thoriniun and Fotassinm is most perfectly 

precipitated by adding a boiling concentrated solution of sulphate of potassium 
to a solution of sulphate of thorinum. It is a white crystalline powder. The 
formula of the salt is Th£[S04. It dissolves slowly in cold water, but very 
easily in hot water ; it is, however, perfectly insoluble in a cold saturated solu- 
tion of sulphate of potassium, and is thereby distinguished from the correspond- 
ing salt of yttrium. The sulphate of thorinum is insoluble in hot water, but 
redissolves on cooling ; this reaction is not observed with the double sulphate. 

Thb Cabbonatb is produced by the action of the carbonates of potassium 
or ammonium. It is produced also by exposing the hydrate to the air. Its 
formula is that of a basic carbonate. It is soluble in excess of the preci- 
pitant, and in adds with decomposition. 

Thb Oxalate is precipitated by the addition of oxalic acid. It is a heavy 
white precipitate. Its formula has not been ascertained. It is insoluble in 
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water or oxalic add, and but sparinglj soluble in other dilute adds. The 
oxalate of potassium produces a double salt of potassium and thorinum. 

The Fxrroctanibb is produced by the action of ferrocyanide of potas- 
sium, and is predpitated as a heavy white powder. Its composition has not 
been ascertained. It is insoluble in water, but soluble in adds. 

The Phosphate is produced by the action of phosphate of sodium, and is 
predpitated in white flakes. Its composition has not been ascertained. It 
is insoluble in water and in phosphoric add. 

The special reagents of the first and second groups produce no charac- 
teristic effects in solutions of thorinum salts. Chromate of potassium pro- 
duces a yellow predpitate. 

The reactions characteristic of thorinum salts are — the absence of colour 
in the borax bead, the insolubility of the hydrate in the hydrates of potas- 
sium or ammonium, and the great insolubility of its double sulphate in a 
saturated solution of sulphate of potassium. 

SALTS OF cerium. 

The salts of this metal are met with in many minerals ; they are never- 
theless of rare occurrence. like yttrium, it is always accompanied by two 
other metals ; these are lanthanium and didymium ; and although the salts 
of the two latter elements have not been examined very minutely, yet suffi- 
dent is known about them for us to furnish a slight account of each. The 
reactions which follow must therefore be understood to be those of cerium, 
although, from the great similarily in the chemical properties of the three 
metals, the descriptions of salts of cerium will apply to a considerable extent 
to the salts of lanthanium and didymium also. 

Cerium forms two classes of salts, — ^the cerous or protosalts (such, for in- 
stance, as the protochloride [GeCl], and the protoxide [Ce^O]), and the 
oeric or seequi- or per-salts (such, for instance, as the seequichloride [Ce^ CI3] 
and the sesquioxide [(Ce^)^ O3]) : the proto-ealts are generally colourless, the 
others frequently red or yellow. The proto-salts when heated before the blow- 
pipe are converted into sesquioxide, which, if pure, is an infusible powder of 
a lemon-yellow colour, but if containing didymium, of a brownish red. It 
does not tinge the flame, nor does it give any reaction with nitrate of cobalt : 
but with borax on the platinum wire it forms a glass which is orange or dark 
yeUow while hot, and a paler yellow when cold; this is the effect of the oxidizing 
flame, the colour being of course due to the presence of sesquioxide of cerium. 
If the bead be subsequently brought into the reducing flame, it is decolorized 
by reason of the reduction of the sesquioxide into the protoxide. 

cebous salts. 

The prindpal insoluble cerous salts are the hydrate, the double sulphate 
of cerium and potassium, the carbonate, the oxalate, the ferrocyanide, and 
the phosphate. 

The Gtanidb is produced by the action of cyanide of potassium. It is a 
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white gummy precipitate which rapidly decomposes, cerous hydrate and 
hydrocyanic add being formed. 

The Hydrate is produced by the action of the hydrates or sulphides of 
potassium or ammonium : it is a white powder which rapidly absorbs oxygen 
from the air, becoming thus converted into the sesquihydrate. Its formula 
is probably CeHO. It is insoluble in excess of its precipitants, but readily 
soluble in adds. 

The Double Protoscilphate of Cerium and Fotassiimi is produced 

by adding a saturated solution of sulphate of potassiimi to a solution of a 
oerons salt. It is a granular and crystalline white predpitate. Its composition 
is probably Ce, KSO4. It is insoluble in excess of its predpitant, very slightly 
soluble in cold water, but readily dissolved by boiling water and by adds. 

The Carbonate is predpitated by the carbonate of potassium or of am- 
monium, and is also produced by the exposure of the hydrate to the air. 
The predpitate at first appears in the form of white amorphous flakes, but 
after some days changes beneath the liquid into shining crystalline scales. 
Its composition is Ce^COg+Saq. It is slightly soluble in excess of its pre- 
dpitants, insoluble in water and carbonic acid, but it is dissolved by other 
adds, thereby suffering decomposition. 

The Oxalate is produced by the action of oxalic acid or oxalate of potas- 
dum or of ammoniimi, and is a curdy white precipitate, becoming slowly 
crystalline. Its compodtion is Ce2C2 04-|-3aq. It is insoluble in water 
or oxalic add, but dissolves in hydrochloric or nitric add. 

The Ferbocyanide is produced by the action of ferrocyanide of potas- 
dum : it is a white predpitate. Its compodtion is not known. It is inso- 
luble in water, but soluble in nitric acid. 

The Phosphate is produced by the action of phosphate of sodium. Its 
formula is not known : it occurs as a white powder. It is insoluble in water 
and in phosphoric acid, but easily soluble in hydrochloric or nitric acid. A 
pho^hate, probably M3 PO4, occurs impure in nature as the minerals Ed- 
warddte and Phosphocerite. 

The special reagents of the first and second subdivisions produce no 
characteristic reactions with cerous salts. 

CEBIC SALTS. 

The prindpal insoluble salts of this series are the hydrate, the double sul- 
phate of cerium and potassium, and the phosphate. 

The Hydrate i» produced by the action of the hydrates or sulphides of 
potasdum or ammonium. When pure, it is of a sulphur-yellow colour. 
Its compodtion is probably Ce^HgOg. It is of course easily soluble in 
adds ; and when hydrochloric add is employed, protochloride of cerium is 
formed, and chlorine evdlved. 

The Double Sesquisulphate of Cerium and Potassium is formed 

by adding a saturated solution of sulphate of potasdum to a solution of a 
eerie salt (the sesquisulphate of cerium, which is soluble, is the best for the 
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purpoee). It is an orange-yellow crystallme salt, insoluble in excess of the 
precipitant. Its formula has not been determined. It is dissolyed with 
difficulty by cold water, but is more readily soluble in hot water. 

Thb Oxalate is produced by the action of oxalate of ammonium. It is a 
yellow crystalline powder. Its composition has not been determined. It is 
insoluble in water, but soluble in a solution of chloride of anm[ionium. 

The action of the special tests of the first and second subdiTisions upon 
eerie salts haye not been ascertained. 

OThe best methods of recognizdng cerium are — ^its blowpipe reactions, the 
insolubility of cerons hydrate in potassa, and the change of colour which it 
undergoes ; togetiber with its coloured salts and yory insoluble double sul- , 
phates. 

SALTS OF LANTHAiaUM. 

The salts of this metal are inyariably associated with those of cerium, 
occurring, in some cases, as in the mineral Monazite (the phosphate of cerium 
and lanthanium), in equiyalent proportion to the cerium present. Practi- 
cally speaking, lanthanium only forms proto-salts : one member of a higher 
series, the peroxide, is known ; but it decomposes into the protoxide with 
great facilily. The protoxide is peculiar in this respect, that eyen after 
strong ignition it dissolyes readily in acids. The salts of lanthanium haye 
a sweet astringent taste. 

The Fbotoxidb is produced when lanthanium salts are heated before the 
the blowpipe. It is a white infusible powder, which, howeyer, under some 
conditions, assumes a brown tint, supposed to be due to the formation of 
peroxide. It giyes no reaction with nitrate of cobalt ; toith borax it yields 
an opalescent glass. 

The principal insoluble salts of lanthanium are the hydrate, the sul- 
phate, the carbonate, the oxalate, and the phosphate. 

The Ctanidb is unknown. 

The Hydrate is produced by the action of soluble hydrates or sulphides. 
It separates as a yery yisdd precipitate. Its composition has not been 
ascertained. It is insoluble in excess of the predpitants, but it readily dis- 
solyes, with decomposition of course, in adds. Boiled with chloride of am- 
monium solution, it dissolyes, displacing the ammonium. 

The SxQphate possesses the same peculiar property as the cerous sul- 
phate and the sulphate of thorinum, yiz. that of being less soluble in hot 
than in cold water. By this character, lanthanium is separated from didy- 
mium, the sulphate of the latter metal exhibiting the same peculiarily in 
a £Eur less marked degree. The salt is crystalline. Its formula seems to be 
Iia,S04-|-3aq. It is comparatiyely soluble in water, 1 part dissolying in 6 
parts of water at Z"" C, in 42-5 parts at 23"^ C, and in 115 parts at 100"^ C. 

The Double Sulphate of Lanthanium and FotaMdnm is formed 

only by the action of sulphate of potassium upon concentrated solutions of 
salts of IftTifhaniiim. It is a red or yellow precipitate. Its composition is 
LaESO^. It is somewhat soluble in water. 
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Thi Cabbonats is formed by iihe addition of the carbonates of potasedmn 
cr ammonium, and also by the exposure of the hydrate to the air. When 
precipitated in the cold, it appears in a gelatinous form, but when from a 
hot solution, in crystalline scales. The formula has not been determined. 
It is insoluble in excess of the predpitants, and in water, but dissolves 
readily in acids, with decomposition. 

Tax Oxalate is produced by the action of oxalate of ammonium. It is a 
white powder. Its formula is unknown. It is insoluble in water and in 
saline solutions. 

Thb Phosphatb is produced by the action of phosphate of sodium. It is 
a white precipitate. Its composition is unknown. It is soluble in acids. 

The action of the special tests of the two preceding subdiyisions upon salts 
of lanthanium has not been ascertained. 

SALTS OF DIDTMIUM. 

The salts of this metal, like those of lanthanium, occur constantly asso- 
ciated with those of cerium. Bidymium appears to form only one class of 
saltS) which are considered as proto-salts, and are remarkable for their beau- 
tifiil colours, being either pink, rose, or violet. The oxide is pure white ; 
but the brown colour which it generally has, is by some attributed to the 
presence of a higher oxide. The oxide presents the same peculiarity as 
the oxide of lanthanium, viz. that of dissolving either in strong or weak 
adds after lengthened ignition. 

The oxide is produced when didymium salts are heated before the blow- 
pipe ; it is infusible and of a dark brown colour in the oxidizing flame, and 
greyish-white in the reducing flame : it imparts no tinge to the flame. With 
borax, it gives a glass of a fine amethyst colour in both flames. 

But little is known with respect to the pure salts of didymium ; the hy- 
drate, the double sulphate of didymium and potassium, the carbonate, and 
the oxalate are insoluble. 

Thb Ctakide is not known. 

The Hydrate is produced by the action of hydrate of potassium, the 
hydrate of ammonium precipitating a basic salt : the sulphide of ammonium 
jnroduces the hydrate of didymium only after heating the mixture. It is of 
a violet colour according to some accounts ; according to others, the pre- 
cipitated hydrate is pale rose-red, and gelatinous. Dried at 100° C, its for- 
mula 18 DiHO. It is insoluble in water, but soluble in chloride of ammo- 
nium on ebullition, displacing the ammonium. It is readily soluble in acids. 

The SxQphate resembles the sulphates of cerium and lanthanium in being 
more soluble in cold than in hot water ; being, however, far more soluble in 
hot water than those sulphates, this forms a good means of separating this 
wif^iJ from lanthanium*. The greatest diflerence between the solubility of 



* Cerium is always separated previously by other means. Didymium, 
however, generally accompanies all lanthanium and cerium salts, even if 
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tiie sulphates of didymium and cerium is said to be at 40*^ C. Its formula 
is DijSO^+aq, after boiling. It forms fine red crystals. The sulphate of 
didjmiimi dissolves in 5 parts of water at a temperature between 15° and 
20° C. ; and such a solution begins to deposit crystals at 53° C, and con- 
tinues to do so as the temperature rises, until, at 100° C, 1 part only is held 
in solution by 50*5 parts of water. 

The Double Snlphate of Didymium and Fotassiiim is produced by 

the action of sulphate of potassium. The salt has the formula DiESO^ +aq 
after boiling, and is of an amethyst colour. It is totally insoluble in excess 
of the precipitant, but soluble in 63 parts of water. 

The Carbonate is produced by the action of soluble carbonates, and is 
also formed by the exposure of tlie hydrate to the air. Its formula (dried 
in vacuo) is DiaCOg+Saq ; at 100° C. it loses three-fourths of its water and 
some carbonic add gas. It is a rose-red powder. 

Tub Oxalate is produced by oxalate of ammonium. It is precipitated 
either as an abnost white powder, or in rose-coloured crystals. Its formula 
is 'Di^C^0^+4aq, It is completely insoluble in water, and almost so in 
oxalic add, and even in the mineral adds when somewhat diluted. 

The action of the special tests of the first and second groups upon salts of 
didymium has not been ascertained. 

SALTS OF ZIRCONIUM. 

The combinations of this metal are of rare occurrence: it is found in 
nature as silicate, forming the minerals Zircon and Hyacinth. It is thought 
that the salts of the so-called zirconium are a mixture of the salts of several 
metals, like the yttrium and ceriimi groups ; yet, owing to the close resem- 
blance of these metals to one another, and their great rarity, no method 
has yet been devised for separating them. Zirconium salts are believed to 
be sesqui-salts. 

The salts of zirconium are white, unless their add-radical is coloured. 
When heated before the blowpipe they are for the most part converted into 
the oxide, which remains infusible, and incandesces in the most briUiant and 
characteristic manner; moistened with nitrate of cobaltf and intensely 
heated, the mass becomes of a dirty violet colour ; the oxide imparts no 
tinge to the blowpipe flame, and yields a colourless glass with borax, which 
becomes slightly opaque when cold. 

The prindpal insoluble salts by which this metal is recognized are these, — 
the hydrate, the double sulphate of zirconium and potassiimi, the carbonate, 
the oxalate, and the phosphate. 

The Cyanide is unknown. 

The Hydrate is produced by the action of the hydrates or sulphides of 
ammonium or potassium. It is a semigelatinous predpitate. Its formula 

they have been very carefully purified. Its presence can be detected by an 
examination with the prism. 
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is probably Ze^K^Oy It is insoluble in excess of the precipitants and 
in water, but is easily soluble in acids if it has been precipitated and 
washed in the cold ; if, however, it has been precipitated from a hot solu- 
tion, or the mass has been washed with boiling water only, it dissolves in 
none but concentrated acids, and then after long digestion. It is not soluble 
in boiling solutions of ammonium salts. 

The Double SxQphate of Zirconium and Fotassiiim is produced by 

the action of a saturated solution of sulphate of potassium. It is a white 
crystalline precipitate, the formula of which has not yet been determined. 
It appears to be vary slightly soluble in water, but soluble in acids if it has 
not been boiled during precipitation, nor washed with hot water : if that has 
been done, it partakes of the pecuHarify of the hydrate. 

Thb Carbonate is produced by the action of the carbonates of potassium 
or ammonium, and also by the carbonate of calcium. It is a white powder. 
Its composition is uncertain ; it is most probably a basic salt. It is slightly 
soluble in excess of its precipitants. Its solubility in acids varies as in the 
case of the hydrate. 

The Oxalate is produced by the action of oxalic acid not in excess, or by 
oxalate of ammonium. It is a white flaky powder. Its composition seems 
variable. It is insoluble in water, and in excess of oxalic add, even with 
the aid of heat, but is easily dissolved by hydrochloric acid« 

The Febroctanide is stated by some authors to be insoluble, by others 
not ; by some it is said to be soluble in excess of ferrocyanide of potassium. 

The Phosphate is produced by the action of phosphate of sodium : it is a 
white precipitate, insoluble in water. 

Most. of the special reagents of the first and second groups produce no 
marked reactions with salts of zirconium ; the behaviour of the others has 
not been ascertained. 

The tests to be relied upon for zirconium are— its brilliant incandescence 
and reaction with nitrate of cobalt, with the insolubility of its hydrate in 
potassa, and the formation of its very insoluble double sulphate. 

salts of glucinum. 

The salts of this metal are of rare occurrence ; its chief source is the beryl, 
in which it occurs together with aluminium, combined with the radical of 
silicic acid ; it is frequently termed beryllium. The salts of this metal are 
believed to be sesqui-salts. 

G^lucinum salts are colourless, unless the acid-radical is coloured. The 
taste of the soluble salts is sweet. When heated before the blowpipe they 
generally leave the oxide, which is infusible, imparts no colour to the flame, 
becomes of a hbmh-grey colour on treatment with nitrate of cobalt^ and 
with borax yields a transparent colourless glass^ which becomes slightly 
opaque on cooling. 

ThB principal insoluble salts by which glucinum is recognized are these, — 
the hydrate, the carbonate, and the phosphate. 
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The Cyanide is unknown. 

The Hydrate u produced by the actioh of the hydrates or sulphides 
of potassium or ammonium. It is a gelatinous precipitate. Its formula 
is 0^2 H3 O3. It is insoluble in water, but readily soluble in adds and in 
hydrate of potassium ; it dissolres also in salts of ammonium when boiled 
with them, the glucinum taking the place of the ammonium. From its 
solution in hydrate of potassium, it is not repredpitated by boiling, unless 
much water is at the same time added, it then precipitates completely ; the 
addition of chloride of ammonium will also reprecipitate it, exerting the 
same action as in the case of aluminium. 

The Carbonate is produced by the adion of the carbonates of potassium 
or ammonium, or by the exposure of the hydrate to the air ; glucinum is 
also completely separated from its salts by boiling their solutions with car- 
bonate of barium. It is white, occasionally granular, but sometimes bulky. 
It IB a basic salt. It is soluble in excess of its predpitants, but more readily 
in carbonate of ammonium, from which solution it is repredpitated by ebul- 
lition : it dissolyes also when boiled in solutions of ammonium salts, pro- 
ducing carbonate of ammonium. It is readily soluble in adds, except car- 
bonic add. 

The Ferboctanide is produced by the action of ferrocyanide of potas- 
sium, and is predpitated as a gelatinous mass after some time. 

The Phosphate is produced by phosphate of sodium. It is a white pre- 
dpitate. Its formula is unknown. It is insoluble in water, but soluble in 
adds, including phosphoric add. 

The special tests of the first and second subdiyisions, and also those of the 
present group, such as oxalates and sulphates, produce no predpitates with 
solutions of salts of gludnum. 

Salts of gludnum are recognized by the absence of blowpipe reactions, 
taken together with the solubility of its hydrate in potassa, and of its car- 
bonate in carbonate of ammonium. 

SALTS OF ALTTMINnrM. 

Solution for the reactions :— chloride of aluminium (Al^Clg) in 
water. 

This metal is at present known to form only one series of salts ; 
and they are sesqui-salts having the general formula M^ Kg. 

They are colourless, unless the add-radical, or an associated 
basic radical, introduces colour. Their taste is astringent and 
somewhat sweet. 

When heated before the blowpipe they are, for the most part, 
converted into the sesquioxide, which remains infusible and in- 
candesces strongly : this residue, when moistened with nitrate oj 
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eohdlt, and intensely heated, is seen on cooling to have acquired a 
fine blue colour. The salts of aluminiiim^ when fused with horojc 
on platinum wire, dissolve, forming a colourless heady which re- 
remains so on cooling ; they impart no colour to the flame. 

The insoluble salts^ by the formation of which this metal is 
recognized, are these, — ^the hydrate, the carbonate, the phos- 
phate, while the chromate and silicate, also insoluble, are occa- 
sionally employed for its separation or detection. 

The CYAinDE cannot be produced by ordinary means ; cyanide 
of potassium added to solutions of salts of aluminium precipitates 
hydrate of aluminium. 

The Chbohate is only precipitated after long standing. 

The Hydrate is produced in a great variety of ways : it con- 
stitutes the precipitate when the salts of aluminium are thrown 
down by the soluble hydrates, sulphides, or carbonates ; it is also 
obtained by other means, such as a prolonged washing of the 
chromate of aluminium, or by the addition of the insoluble car- 
bonates of the metals barium or calcium to the solution of a salt 
of aluminium : the sesquichloride (Al^Cl,) is the best for this 
purpose. It is a white gelatinous precipitate, which dries into a 
transparent homy mass. 

Its composition, when recently thrown down, is that of a basic 
salt, especially when produced from the salt (Al,)^ (80^)3 by the 
action of the soluble hydrates : such a basic salt might be repre- 
sented by the formula (A1,)3(S0J3, n(Al2H3 03) ; and it has been 
found that by long-continued washing the sulphate of aluminium 
is removed, and pure hydrate of aluminium left upon the filter. 
To obtain the pure hydrate of aluminium, it is, however, simpler 
to redissolve the first precipitate produced in hydrochloric acid, 
and to reprecipitate by hydrate of ammonium. Its formula, 
when pure, is AI2H3O3. 

This salt dissolves easily in hydrate of potassium, forming 
a new compound termed aluminate of potassium, in which the 
aluminium is supposed to enter into the composition of the 
acid-radical : the salt is formed thus — 

KHO-fAl,H303=KAl,0„H,0-fH,0. 
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It is obtained combined with water of crystallization, in a crystal- 
line form, as KAI^O^-f aq, or, more probably, Al^KH^Og : it is 
not decomposed at the boiling temperature, a property which it 
will be seen constitutes a distinction between this metal and chro- 
mium. The hydrate is reprecipitated by the addition of chloride 
of ammonium to the alkaline solution of the so-called aluminate, 
thus — ._— »- 

Al, ES,03+NH, Cl= Al, H3O3+KCI+NH3 ; 
and also by exact neutralization, thus — 

KA1,0„ H,0+HC1=A1,H3 03+Ka 
The hydrate of aluminium is but triflingly soluble in hydrate 
of ammonium, and even this slight solubility is prevented by the 
presence of chloride or carbonate of ammonium. It is not ap- 
preciably dissolved by sulphide of ammonium, unless a large 
quantity of water be present. It is insoluble in pure water, but 
is of course readily dissolved by acids — ^partially even by car- 
bonic acid. It is slightly soluble in alkaline carbonates. 

The Silicate is produced by the action of silicate of potassium 
upon aluminium salts. It is a bulky gelatinous precipitate : its 
formula is probably Al2(SiOj)j. 

The Sulphate is soluble. 

The Doitble Sulphate op Alumdoum and Potassium is pro- 
duced by the action of a strong hot solution of sulphate of potas- 
sium on a hot solution of sulphate of aluminium ; crystals of 
the double sulphate (also termed alum) are deposited as the 
solution cools. Alum is occasionally found native, and is pre- 
pared commercially on a large scale. 1 part of alum dissolves 
in 10 parts of cold, and 3 parts of boiling water. 

The Carbonate is said to be produced by the action of car- 
bonate of ammonium on salts of aluminium ; if so, the precipi- 
tate rapidly alters, and will be found, after washing with hot 
water, to be nearly pure hydrate of aluminium. 

The Oxalate is insoluble in water, but soluble in oxalic acid. 

The Feeeoctanide does not appear to exist ; for the greenish 
precipitate usually produced by the action of ferrocyanide of po- 
tassium on aluminium salts seems to be hydrate of aluminium 
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containing some cyanide of iron: the colour of the precipitate 
becomes gradually blue. With some salts, this precipitate does 
not occur till heat has been applied. 

The Phosphate is produced by the action of phosphate of 
sodium ; it is a salt bearing a great resemblance to the hydrate. 

Its composition is probably Al,, PO^, but it generally contains 
a somewhat larger proportion of the phosphoric-acid radical. 

It is insoluble in water and salts of ammonium, but soluble in 
acetic and other acids, and in hydrate of potassium. 

The Silicopltjoeidb is soluble. 

The other reagents of the first and second groups give no 
characteristic reactions with salts of aluminium. 

The chief reactions employed for the recognition of aluminium 
salts are these, — ^the reaction of the sesquioxide with nitrate of 
cobalt, and the formation of the insoluble hydrate, silicate, and 
phosphate. 

SALTS OF CHBOMITJM. 

The metal chromium forms numerous combinations with oxy- 
gen, which, however, do not represent entire series: they are 
these,— Cr^O, Cr^O^, Cr^Og, Or fi^, CrO^, and Cr^O^. Two only of 
these oxides correspond to series of salts, — ^the protoxide (Crj,0) 
and the sesquioxide ([Cr^J^Og): the former, or chromous salts, 
are generally of a red colour, often inclining to blue, and are 
much more soluble in hot than in cold water, while the latter, 
or chromic salts, are of a fine green or blue colour when seen by 
reflected light, but red by transmitted light. The chromous salts 
resemble ferrous salts, as will shortly be seen, in the property of 
dissolving large quantities of nitric oxide gas (NjOj), forming 
dark brown solutions. On account of their great tendency to pass 
into a higher state of oxidation, chromous salts are among the 
most powerful reducing agents known. Both the chromous and 
chromic salts, if heated before the blowpipe, leave a green residue 
of sesquioxide, which remains infusible : they impart no colour to 
the fiame, nor do they yield any characteristic reaction with ni- 
trate of cobalt ; but when dissolved in horcuc, the sesquioxide pro- 
duces a green head when cold, in whichever flame it has beenTUated, 



112 CHEKICAL BEACTIOKS. 

The metal chromium is recognized by a peculiar reaction, which 
no metal hitherto treated of presents. It forms at least one com- 
bination with oxygen, possessing acid properties and playing the 
part of an acid radical: with this compound the student has 
already become famiHar in the guise of a reagent, viz. the chro- 
mate of potassium. The formation of this substance forms one 
of the best tests of the presence of chromium : it is produced by 
the action of powerftd oxidizing agents on any chromium salt of 
a lower degree of oxidation. The most common and convenient 
method of producing it is to fuse the sesquioxide of chromium 
with nitrate of potassium, a body which readily decomposes and 
parts with its oxygen ; the change may be thus represented — 

4(KK03)+(Cr,),03=4(KCrO,)+N,03+NA. 

Chromate of 
potassiuin. 

The chromates are remarkable for their brilliant colours ; 
chromate of potassium is a yellow salt, and if dissolved in water 
and added to a solution of nitrate of silver, a fine crimson pre- 
cipitate of chromate of silver is produced, which is very charac- 
teristic. The full details of the reactions of chromic acid will be 
found in Chapter VU. 

OHBOMOUS SALTS, OR PROTO-SALTS OF CHROMIUM. 

Solution for the reactions : — ^protochloride of chromium (CrCl) dissolved 
in water. 

These are oomparatiyely unimportant, because their existence is very 
transient, owing to the readiness with which they absorb oxygen and pass 
into chromic salts. The protochloride is the most easily obtained, and it 
forms the following characteristic compounds when acted on by reagents : — 
the chromate, the hydrate, and the sulphide. 

The Cyanide is produced by the action of cyanide of potassium : it is a 
white precipitate. Its formula is CrCy. It is insoluble in excess of the 
precipitant, but oxidizes rapidly, forming a mixture of the chromic oxide and 
cyanide. 

The Chromate is produced by the action of chromate of potassium ; it is 
a brown precipitate. Its formula is probably CrCrO^, which is equal to 
OgO^, the formula of the so-called binoxide : this salt, if long washed with 
water, is oonyerted into chromic acid and sesquioxide of chromium. 

The Hydrate is produced by the action of hydrate of potassium. It is a 
yellow powder, if guarded from the action of the air ; but on access of air it 
becomes brown. Hydrate of ammonium gives a greenish white precipitate 
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in the presence of chloride of ammonimn, soluble in excess of the hydrate, 
producing a blue solution, changing to red by exposure to the air. The 
composition of the hydrate is CrHO. It is insoluble in water or in dilute 
adds, but dissolyes slowly in strong acids. The hydrate is generally preci- 
pitated as a more or less brown powder, hydrogen escaping and an oxide 
{Crfi^) being formed. 

The Snlpllide is produced by the action of sulphide of potassium. It is 
a hiatk precipitate, soluble in excess of the precipitant It always contains 
some uncomMned sulphur. 

GDhb Cabbonatb appears to be produced by the action of carbonate of po- 
tassium. If precipitated in the cold, it separates as a dense yellow powder, 
but from a hot solution as brilliant brownish yellow crystals. The substance 
becomes green by exposure to the air. 

Ts* FBRBOOTANms is produced by ferrocyanide of potassium. Its formula 
is probably Cr^Ofy. It is a yellowish green precipitate. 

Ths Phosphatb is a blue precipitate, produced by the action of phosphate 
of sodium. It becomes green by exposure to the air, and is readily dissolyed 
by acids. 

The action of the other tests hitherto employed has not been ascertained 
upon this series of salts. 

Chromous salts may be recognized by their peculiar hydrate and sulphide. 

CHBOMIC SALTS^ OB SESQXTI-SALTS OF CHBOMITTH. 

Solution for the reactions :— chromic sulphate ([Crj]2[S04]3) in 
water. 

These are the salts of chromium which are usually met with. 
Those insoluble salts which characterize the series are the chromate, 
the hydrate, the carbonate, the ferrocyanide, and the phosphate. 

The Ctabtdb is produced by the action of cyanide of po- 
tassium : it is a light bluish-grey precipitate. 

Its formula is Cr^Cyg. 

It is insoluble in excess of the precipitant, but soluble in excess 
of chromium salt : it dissolves in dilute acid without decomposi- 
tion, but is decomposed when dissolved in hydrate of potassium. 

The Chbohate is produced by the action of chromate of po- 
tassium. It is a yellowish-brown precipitate. 

The formula is Crj,(Cr02)3. 

It is a very unstable compound, and is perfectly decomposed, 
even by long washing with water, into chromic acid and sesqui- 
oxide of chromium, which remains upon the filter. 
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This salt is insoluble in excess of the predpitant, but soluble 
in acids, and also in hydrate of potassium, with decomposition 
into chromic acid and a sesqui-salt of chromium. 

The Hydrate is produced by the action of the hydrates or 
sulphides of potassiimi or ammonium, and also by the addition 
of the insoluble carbonates of the alkaline earths to solutions of 
the sesqui-salts of chromium. It is a bulky precipitate, the colour 
of which varies with the precipitcmt : when produced by hydrate 
of potassium, it is green ; when by hydrate of ammonium, bluish- 
green inclining to bluish-grey. It is thought that these differ- 
ences in colour are due to varying amounts of water in the pre- 
cipitate. 

The composition of the hydrate dried at 100° C. is Cr^HgOg ; 
but if the precipitate has been dried over sulphuric acid, other 
compounds are obtained, as, for instance, 

2(Cr;a30g)+aq, and Cr^HgOg+aq ; 
if a current of dry air is the only desiccator, the formula of the 
precipitate is 2(CraH30g) + 7aq. It frequently retains traces of 
its predpitants. 

This salt resembles the hydrate of aluminium in being perfectly 
soluble in excess of hydrate of potassium, from which solution 
it is repredpitated either by neutralization or by the addition of 
chloride of ammonium ; but it differs from hydrate of aluminium 
in being reprecipitated from its solution in hydrate of potassium, 
either by long standing or by boiling : the precipitate which thus 
separates has the formula Cr^HgOg + 3aq. Hydrate of ammonium 
also dissolves this salt to a certain extent, the amount dissolved 
increasing with the strength of the reagent ; with a very strong 
solution of hydrate of ammonium, a pink solution is formed, fr^m 
which the hydrate of chromium is thrown down on boiling as a 
dull violet precipitate. Chloride of ammoniimi does not affect 
the solubility of this salt. It is readily soluble in the acids, except 
after its predpitation from its hydrate of potassium solution by 
boiling. 

The Sulphate is soluble. 

The Double Sulphate of Chbomium and Potassium is a very 
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soluble salt^ and crystallizes well in octohedra, if its solution has 
not been heated above 50° 0. 

Its formula is KCr,(S0Jj+12aq. 

It dissolves in 6 parts of water at the ordinary tempera- 
tare. 

The Oaebokaie is produced by the action of the carbonates of 
potassium or ammonium: it is a pale green or a bluish-green 
precipitate. 

Its composition is that of a mixed carbonate and hydrate, and 
appears to be uncertain. 

It dissolves slightly in excess of its precipitants, forming a 
greenish-blue solution with carbonate of potassium, and a pink 
solution with carbonate of ammonium: from both it is repre- 
dpitated by boiling. It also dissolves readily in hydrate of po- 
tassium and in acids. 

The Oxalate is produced, by the action of oxalate of am- 
monium on chromic chloride, as a pale green precipitate. 

Its composition is unknown ; it is probably a basic salt, for the 
neutral salt (Ct^)20^ is very soluble. 

It dissolves readily in many acids. 

The Eebsocyasttde and the FEERiCTAiaDE are not precipitated 
by their respective reagents. 

The Phosphate is produced by the phosphate of sodium as a 
bluish-green precipitate. 

Its composition is unknown. 

Its behaviour with reagents is almost identical with that of the 
the hydrate. 

The other special reagents of the first and second groups, as 
well as those of the present group, yield no precipitates with 
sesqui-salts of chromium. 

The chief means for the recognition of the metal chromium 
are these, — the production of the sesquioxide by the ignition of 
most chromous and chromic salts, and the formation of the chro- 
mate of potassium described above from the salts of either series ; 
the borax bead, and the precipitation and behaviour of the 
chromic hydrate. 
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SALTS OF URANIUM. 

This metal forms a great number of combinations with oxygen : many of 
these, however, are probably combinations of oxides one with another ; for 
corresponding series of salts are not found. Uranium forms two series of 
salts, the uranous corresponding to the chloride UCl, and the uranic repre- 
sented by the chloride V^Cl^ : the salts of the first series are generally of a 
greenish, while those of the latter are for the most part of a yellowish colour. 

Most salts of uranium when heated before the blowpipe are conyerted into 
uranous oxide U^O, which remains as a black infusible residue : they impart 
no colour to the blowpipe flame, nor do they give any characteristic reactions 
with nitrate of cobalt ; but when heated with borax, the glass in the outer fluTtie 
becomes red or yellow while hot, and yeUow or colourless when cold, the depth 
of colour depending on the amount of salt present, while in the reducing 
flame the colour changes to a bottle-green. 

URANOUS SALTS, OR PR0T0-8ALTS OF URANIUM. 

Solution for the reactions : — ^protochloride of uranium (U CI) in water. 

The principal insoluble salts of this series are these, — ^the hydrate, the sul- 
phide, the carbonate, the oxalate, the ferrocyanide and the phosphate. 

The Cyanide and Cheomate do not appear to exist. Cyanide of potassium 
produces a black precipitate of V^O with evolution of hydrocyanic acid ; and 
chromate of potassium produces a yellowish-brown precipitate, which appears 
to be a mixture of uranic chromate and uranous chromite. 

The Hydrate is produced by the action of the hydrates of potassium or 
ammonium, also by carbonates of calcium on solutions of uranous salts ; it 
separates in reddish-brown gelatinous flakes, which turn black by boiling, 
the change being due, it is thought, to loss of water. If not washed free from 
its precipitant, it rapidly absorbs oxygen from the air, and is converted into the 
yellow compound known as the uranate of potassium or ammonium (p. 1 18). 

Its composition is not known. 

It dissolves easily in acids, but, after ignition, is soluble only in concen- 
trated sulphuric add. 

The Sulphide i^ produced by the action of sulphide of ammonium. It is 
a black precipitate, which becomes grey by washing with water, and appears 
to be thus converted into a mixture of uranous hydrate and sulphur. 

Its composition is not known. 

It dissolves in acids, especially in nitric acid. 

The Sulphate is soluble, and it forms no insoluble double sulphate. 

The Carbonate is produced by the action of carbonate of potassium or 
ammonium. It is a green precipitate. 

Its composition is probably that of a mixed carbonate and hydrate. 

It dissolves in a large excess of its precipitants, especially in carbonate of 
ammonium, forming a green solution. 

The Oxalate is produced by the action of oxalic acid ; it is a greenish- 
white precipitate, which does not oxidize by exposure to the air. 
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The iormxHa, of the air-dried salt is Uj C, 04H-3aq. 

It is insoluble in water, and but slightiiy soluble in hydrochloric acid. 

The FerroqriUlide is produced by the action of ferrocyanide of potas- 
shun ; it is a light brown precipitate. 

Its formula is U, Cfy. 

It dissolyes slightly in hydrochloric or nitric acid. 

The Febbictanide is produced by the action of ferricyanide of potassium : 
it is a brownish-red precipitate, which appears only afber the lapse of some 
tune. 

The Phosphate is produced by the action of phosphate of sodium ; it is 
green and gelatinous. 

Its formula is U2HP04+aq. 

It dissolyes in concentrated hydrochloric add, and is repredpitated by the 
addition of water. 

The other special reagents of the two former subdivisions are not known to 
yield any characteristic predpitates with uranous salts. 

The chief methods employed for the detection of uranous salts are these, — 
the formation of the hydrate, the carbonate, and the phosphate. 

URANIC OB UBANTLIC SALTS. 

Solution for the reactions: — ^the nitrate of uranyle (U^O, NO3) in water. 

This series of salts is one of the most remarkable that have yet been men- 
tioned. The oxide, which is taken as its representatiye, has the formula 
(^2)2^8 ' ^^ when the other salts of the series are examined, it is found that 
they do not correspond to the typical formula, but are all at total variance 
witib it: thus the nitrate is U^ONOs, not U2(^^3)3« ^^ ordinary compo* 
sition of a sesquinitrate ; and the sulphate is (U, O)., SO4, instead of U4 (804)3 ; 
and these are not imaginary formulsD, but the simplest expressions for the 
salts of this series, legitimately derived from uranic oxide or uranic chlo- 
ride by double decomposition, assuming of course that in the nitrate and 
sulphate the same add-radicals exist as are found in other nitrates and 
sulphates. The idea was then conceived, that uranic oxide was not a sesqui- 
oxide, but a protoxide of the compound basic radical uranyle V^O ; uranic 
oxide then becomes (UaO)<2 0, the chloride UjOCl, and the sulphate 
(^2^)2 ^^4* ^^ ^^^^ harmonizes with the composition of uranic salts in 
general, and is commonly adopted ; its probability is confirmed by the com- 
position of certain compounds of antimony and other metals. 

The chief insoluble stilts of this rtidical are these, — the cyanide, the chro- 
mate, the hydrate, the sulphide, the carbonate, the oxalate, the ferrocyanide, 
the ferricyanide, and the phosphate. 

The Otanide is produced by the action of cyanide of potassium. It is of a 
fine yeUow colour. It dissolves in excess of the predpitant and in nitric add. 

The Ohbomatb is produced by chromate of potassium. It is a yellow 
predpitate. 

The Hydrate ^ obtained by the decomposition of the oxalate in sunlight, 
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or by eyaporating the alcohol solution of the nitrate. It cannot be pro- 
duced by the action of the hydrates of potassium or ammonium on neutral 
solutions of uranylic salts, since the yellow precipitates which these salts 
occasion are always combinations of potassium or ammonium with uranyle 
and oxygen : they are sometimes called uranates. The composition of the 
potassium compound is K(U2 0)2 0; that of the ammonium compound is 
unknown. They are insoluble in excess of their predpitants : the ammo- 
nium compound is slightly soluble in water, soluble in carbonate of ammo- 
nium, but insoluble in chloride of ammonium; the potassium compound 
dissolves in the acid carbonate of potassium. 

The Sulphide is produced by the action of the sulphides of potassium or 
ammonium. It is a brownish-black precipitate, which subsides veiy slowly. 
Its composition is probably U^ S3. 

It is soluble in excess of the precipitants, and slightly soluble in water, 
yielding a brown solution : it dissolves in adds with decomposition. 

The Sulphate is soluble, and it forms no insoluble double sulphate. 

The Carbonate produced by the action of the carbonates of potassium or 
ammonium is a compound analogous to the hydrate just described. A 
similar compound salt is also produced by the action of carbonate of calcium. 
l?hey are yellow precipitates. 

The composition of the carbonate of potassium precipitate is K^COg, 
UgOOOg; that of the ammonium compound is similar: both are readily 
soluble in excess of their predpitants. 

The Oxalate is produced by the action of oxalic add : oxalate of potas- 
sium and oxalate of ammonium generally produce a compound salt. It 
occurs as a yellow powder or in yellow crystalline grains. 

Itscompodtion, when air-dried, is (U2 0)20+daq ; when dried at 100° C. 
itis(U2 0)2 0-t-aq. 

It dissolves easily in warm solutions of oxalate of potassium or ammo- 
nium, and, on cooling, crystallizes out as the double salt. It dissolves in 
125 parts of water at 14° C, and in 30 parts of boiling water : it is more 
soluble in strong adds. 

The Ferrocyanide is produced by femx^anide of potassium. It is a 
dark brownish-red predpitate. 

Its composition is probably (^2^)2^^* 1^ dissolves in the carbonates of 
sodium and ammonium. 

The FERBiCTANmE is produced by ferricyanide of potassium. It is a 
browmsh-red predpitate. It dissolves in carbonate of ammonium. 

The Phosphate is produced by phosphate of sodium. It is a light yellow 
predpitate. 

Its composition is (U20)2HP04H-3aq. 

It scarcely dissolves at all in water, but easily in carbonate of ammo- 
nium. 

The special reagents of the first and second groups are not known to yidd 
any characteristic reactions with uranic salts. 
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The chief meane employed for the detection of uranic salts are these, — 
the blowpipe reactions, and the formation of the so-called hydrate and ferro- 
ojanide. 

SALTS OF TITANIUM. 

G^ie body titanium forms three oxides; one only, however, is of sufficient 
importance to be considered analytically, and that is possessed of the proper- 
ties of an add-radical. This oxide, the so-called titanic add, dissolves in 
hydrochloric and other adds; and from its being predpitated from that 
solution by alkaline hydrates or carbonates, in excess of which it is insoluble, 
its reactions are frequently considered in this group : we shall, however, treat 
of it in the third subdivision of the add-radicals. 

SALTS OF TANTALUM, NIOBIUM, AND PSLOPIUM. 

These three rare bodies are known to form but one oxide each, which 
plays the part of an add-radical. They have been placed in this group for 
the same reason as has been adduced under Titanium ; they, however, ex- 
hibit a difference in their behaviour with hydrate of potassium, being soluble 
in excess of that reagent. They wiU be considered in the third subdivision 
of add-radicals. 

SALTS OF ntON. 

The metal iron resembles uranimn and chromium in forming a 
large number of oxides ; many of these are, however, believed to 
be combinations of oxides among themselves, since they yield 
those oxides as products of decomposition. Thus the oxide Fe^O^ 
may be decomposed into salts of the ferrous and ferric series, by 
the action of the ferrocyanide and the ferricyanide of potassium, 
whence it is argued by some that its real composition must be 
Fe^O, (FeaXOg. The truly important oxides of iron are Fe^O, 
(Fej)aO„ and FeOj, : the two former represent series of salts, the 
feiTous and ferric series respectively, while the latter has the 
properties of a compound acid-radical, and as such will be treated 
of in the next chapter. Ferrous salts are generally white if 
anhydrous, but when containing water of crystallization they 
are usually of a pale bluish-green. Ferric salts also are often 
white when anhydrous, and of a reddish-brown or reddish- 
yellow colour when crystallized with water. The soluble salts 
of iron in general have a nauseous metallic taste. 

AU salts of iron when heated before the blowpipe are converted 
in the oxidizing flame into (Pq^XO^, which is brown while hot. 
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and red when cold ; and if this sesquioxide be heated carefully 
in the reducing flame, it is converted into the black oxide FcgO^ : 
both of these compounds remain infusible. Iron salts give no 
characteristic reaction with nitrate of cobalt before the blow- 
pipe, and impart no colour to the flame ; but when fu&ed tuitk 
borax J they produce a bead which in the oxidizing jtame is red 
while hot, and yellow after cooling, and in the redwing fiame is 
slightly yellow while hot, and bottle- g7*een or colourless when cold. 
The production of a ferrate (MFeO,) does not form the same 
characteristic test for iron as the analogous chromium compound 
does for chromiimi. Ferrate of potassiimi (KFeO^) is obtained 
by the action of oxidizing agents on sesquioxide of iron. Its 
aqueous solution is of a magniflcent wine-red colour ; but the 
salt is very unstable, giving off oxygen and depositing sesquioxide 
of iron. 

FEBSOirS SALTS, OR PBOTO-SALTS OF IBON. 

Solution for the reactions :-Tferrous sulphate (Fe^SO^) in 
water. 

The chief insoluble salts of this series are these, — ^the cyanide, 
the hydrate, the sulphide, the carbonate, the oxalate, the ferro- 
cyanide, the ferricyanide, and the phosphate. The great tendency 
which these salts have to pass into ferric salts is a serious obstacle 
in observing their reactions, which are in consequence usually 
more or less mixed with the reactions due to ferric salts. 

In making the solution for the reactions, the salt should be 
washed two or three times with water, to dissolve away the 
outer coating ; and, when finally dissolved, access of air should 
be prevented by stopping the mouth of the test-tube with the 
thumb. 

The Cyanide is produced by cyanide of potassium acting upon 
pure ferrous salts, as a light reddish-brown precipitate. 

Its composition is thought to be FeCy. 

It dissolves in acids. It is also very soluble in cyanide of po- 
tassium, uniting with it to form a compound which was formerly 
regarded as a double salt having the formula 2(KCy),FeCy; 
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this compound was, however, noticed to differ from other double 
salts, inasmuch as the iron existing in it could not be pre- 
dpitated even by so powerM a reagent as an alkaline sul- 
phide ; nor could it by any means be detected until the consti- 
tution of the body was broken up, and its cyanogen (Cy=CN) 
destroyed by the action of some powerftd oxidizing agent : fdsion 
(e.g.) with nitrate or chlorate of potassium would restore the 
iiQii to the state in which it could be easily recognized. This, 
coupled with the fact that in ordinary decompositions the sub- 
stance 2(KCy)FeCy divided itself into K, and FeCyg, led to the 
supposition that it was in reality a true salt containing a com- 
pound acid-radical, FeCyg, which was thenceforth called " ferro- 
C3ranogen ;" and to its salts the name of " ferrocyanides" was 
applied. It is a good instance of the way in which metamor- 
phoses take place among complex molecules. 

Ths Chbohate does not appear to exist. Chromate of po- 
tassium gives a yellowish-brown precipitate with ferrous salts, 
which appears to be a mixture of the chromic and ferric sesqui- 
oxides. This precipitate is partially soluble in nitric acid, yield- 
ing a green solution. 

The Hydrate la produced by the action of the hydrates of 
potassium or anmionium on neutral solutions of ferrous salts^ 
also by the carbonates of the second subdivision, but only on 
boiling. The hydrate of ammonium precipitates only half the 
metal present in the solution of a ferrous salt, the ammonium 
salt formed combimng with the remaining half of the unchanged 
feiTous salt, and producing a double salt undecomposable by the 
excess of hydrate of ammonium present : this has been already 
observed in the case of the salts of magnesium (p. 93) ; it occurs 
thus: — 

2(FeCl)+2(NH^H0)=:reH0+reCl, NH^Cl+NH^ HO. 

ppt. 

"When absolutely free from ferric salt, this precipitate is white ; 
but as ordinarily prepared, it is of a greenish colour. It ab- 
sorbs oxygen very rapidly from the air, and is converted into 
red ferric hydrate. 
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The formula is FeHO. 

It is insoluble in excess of its predpitants ; but the presence 
of ammonium salts prevents its precipitation by these reagents, 
especially by the hydrate of ammonium. Ammonium salts also 
dissolve it when once precipitated, although imperfectly. It is 
readily soluble in acids. 

The Sulphide is produced by the action of the sulphides of 
potassium or ammonium ; it is also produced by the passage of 
hydrosulphuric acid gas into a solution containing a ferrous salt 
dissolved in an ammonium compound, and containing hydrate 
of ammonium, while in neutral or acid solutions of ferrous 
salts hydrosulphuric acid yields no precipitate, except in rare 
cases, such as the neutral ferrous acetate (FeA), in which partial 
precipitation occurs. It is a black precipitate. 

Its formula is Fc^, S ; but it probably contains some water. 

It is insoluble in excess of its precipitants. It is slightiy 
soluble in water, forming a green solution, from which it is 
reprecipitated by the addition of sulphide of ammonium. It 
dissolves in hydrochloric and nitric acids, but is less soluble in 
acetic acid. 

The Sitlphate is soluble, 1 part of the crystals, which have 
the formula Ee, S04+7aq, dissolving in 2 parts of cold, and in 
three-fourths of boiling water. 

The Doitblb Sulphate of Ieow and PoTASsixJM(KreS04+3aq) 
is also soluble. 

The Oabbonate is produced by the action of the carbonates of 
potassium or ammonium (but not by carbonate of calcium) ; it is 
a white precipitate, which becomes green and then reddish- 
brown by exposure to the air, from a gradual conversion at first 
into the hydrate of the magnetic oxide (Fe^OJ and afterwards 
into ferric hydrate. 

Ite formula is 2(Fe2C03)+aq. 

It is insoluble in excess of its precipitants ; but ammonium 
salts prevent its precipitation by these reagents: it is soluble 
in carbonic and other acids, in most cases suffering decom- 
position. 
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Tke Oxalate is produced by oxalic acid after a time, and 
immediately by oxalate of potassium or ammonium: it is a 
yellow powder. 

Its formula is Fefi^ 0^ + 2aq. 

It is scarcely soluble in cold water, and dissolves but sparingly 
in boiling water : it behaves similarly with oxalic acid. It dis- 
solves in concentrated hydrochloric add, but not in concen- 
trated sulphuric ; in warm dilute sulphuric acid it is, however, 
soluble. 

The Ferrocjanide is produced by ferrocyanide of potassium ; 
it is a white precipitate, which rapidly becomes blue by exposure 
to the air. 

Its formula is KFCjCfy, or KFeCfy, Fe^Cfy. By exposure 
to the air, or by the action of nitric acid or chlorine, it is 
converted into Prussian blue (Ee^Cfy,), according to the equation 
3(Kre,Cfy,)+4Cl=2([FeJ,Cfy3)+3KCl+rea 

It is nearly insoluble in water. 

The Ferripyaiude is produced by the action of ferricyanid^ of 
of potassium (EgGfdy) ; it is a blue precipitate. 

Its formula is FegGfdy. 

It is insoluble in water and in hydrochloric add. 

The Phosphate is produced by the action of phosphate of 
sodium ; it is a white precipitate, which acquires a dirty bluish- 
green colour by exposure to the air. 

Its formula is Fe^HPO^. 

It is soluble in hydrate of ammonium, but insoluble in other 
ammonium salts, and in water : it is dissolved by acids. 

The other special reagents of the present and of the two 
preceding groups produce no characteristic reactions in isolutions 
of ferrous salts. 

Ferrous are distinguished from ferric salts by th^ir hydrate 
and ferro- and ferricyanide. 

FEBBIC SALTS, OB SESaUI-SALTS OF IBON. 

Solution for the reactions: — sesquichloride of iron (FegCl,) 
dissolved in water. 

62 
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These salts are produced by the action of many powerful salt- 
radicals upon ferrous salts : thus chlorine and bromine convert a 
ferrous into a ferric salt with the utmost rapidity — 

2(FeCl)+Cl=Fe,Cl3 or 3(Fe,S0J+Cl3=Fe,(S0j3+Fe,Cl3; 
and even the oxygen of the air effects the same change, although 
more slowly. Certain acids containing an easily decomposable 
acid-radical, act in a similar manner, and, as a more complex 
substance is concerned, the change is accompanied by a decom- 
position of the acid itself; thus: — 

2(FeNO,)+2(HN03)=(re,[NO,]3)+NO,+H,0. 
The converse operation, namely, the conversion of a ferric into 
a ferrous salt, is effected by the introduction of some substance 
possessing a tendency to combine with and remove a portion of 
the acid«radical present : basic elements are generally employed 
for this purpose ; and metallic iron may itself be used, thus — 

re,Cl3-|-Fe=3(FeCl); 
or Tiaseent hydrogen may be employed, i,e, hydrogen at the 
moment of its liberation, before the molecule H has united with 
another molecule to form the gas HH. Nascent hydrogen is 
applied either by passing some readily decomposable and gaseous 
hydrogen-compound into the ferric salt, as thus, by sulphuretted 
hydrogen — 

2(Fe,Cl3)+H, S=4(FeCl)+2HCl+S, 
or by decomposing water with some substance having a power- 
ful affbity for oxygen, as sulphurous acid, which acts by being 
converted into sulphuric acid during the decomposition, — 

2(Fe,Ca,)+H,0-|-H,S03=4(FeCl)+2(HCl)+H,S0„ 
or by decomposing an add by a metal such as zinc, in the pre- 
sence of a ferric salt, — 

2(Fe,Cl3)-|-H,S0,+2Zn=4(FeCl)+2(HCl)+Zn,S0,. 
The term '^ reduction" is applied to any such transformation from 
a higher state of combination to a lower one. 

The principal insoluble ferric salts are these, — ^the chromate, 
the hydrate, the sulphide, the carbonate, the oxalate, the ferro- 
cyanide, and the phosphate. Ferricyanide of potassium pro- 
duces a characteristic reaction, but no precipit9.te. 
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The Cyanide is not produced by its appropriate reagent, 
cyanide of potassium precipitating from ferric salts ferric hy- 
drate, with evolution of hydrocyanic acid. 

The Chromate is produced by the action of chromate of po- 
tassium : it is a brown precipitate. 

Its composition is not known. 

It is decomposed by water, especially at the boiling tempera- 
rature, into chromic acid and sesquioxide of iron. 

The Hydrate is produced by the action of the hydrates of 
potassium and ammonium, by the carbonates of the second 
group, and also by the carbonates of manganese, zinc, and copper, 
which, though themselves insoluble in solutions of ferric salts, 
nevertheless decompose them completely at ordinary tempera- 
tures after standing some time. The hydrate is a precipitate of 
a fine red-brown colour. 

Its formula, when recently precipitated, is Fe^ H3O3 ; dried at 
100° C, its composition is (Fe3)203+2aq: and if kept for some 
time under water it becomes (Fe^\ H3O3, or (Fe2)^(H0)3 ; a simi- 
lar formula expresses the constitution of the oxalate, and of the 
ferrocyanide (Prussian blue). When precipitated by hydrate of 
potassium, the hydrate contains a portion of the precipitant, 
while the carbonates of the second subdivision precipitate a basic 
salt. 

It is insoluble in excess of its precipitants, and in solutions of 
ammonium salts, but readily soluble in acids, and also to a lai^e 
extent in sesquichloride of iron. 

The Sulphide is produced by the action of the sulphides of 
potassium or ammonium when a solution of a ferric salt is 
added to a solution of the reagent ; if the contrary course be 
adopted, a mixture of sulphur with ferrous sulphide is preci- 
pitated. The sulphide is black. 

Its composition is (Fe^\ S3 ; but it probably contains water. 

It is insoluble in excess of its precipitants, but soluble to a 
trijSing extent in water, forming a green solution : it dissolves 
in most acids, but not in acetic acid. 

The Sulphate and Double Sulphate are soluble. 
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The Cabbonate can scarcely be said to exist, the precipitate 
produced by the action of the carbonates of potassium or ammo- 
nium being chiefly the hydrate, and containing only a minute 
and variable amount of carbonic acid. The precipitate thus pro- 
duced has, however, a peculiar property, viz. of dissolving in 
concentrated solutions of its precipitants ; it then yields a red 
solution, from which it is reprecipitated by boiling, or by dilu- 
tion with water. This solubility is probably due to the formation 
of a soluble double compound containing the two metals present. 

The Oxalate is produced by the action of the oxalates of po- 
tassium or anmionium (not added in excess, lest a soluble double 
oxalate should be formed). It is a lemon-yellow powder. 

Its formula is Fe^Og, or (Ee^^O^. 

It is nearly insoluble in water, but soluble in oxalic acid, yield- 
ing a solution which, in the light, gradually decomposes, evolving 
carbonic acid gas, and depositing crystals of ferrous oxalate. 

The Ferrocyanide is produced by ferrocyanide of potassium ; 
it is commonly called Prussian blue. The solution to be tested 
should be neutral ; if alkaline, it should be made acid with acetic 
acid ; and if it contains a strong acid, an alkaline acetate should 
be added. 

Its formula is Fe^Cfyg, or {^qX^h- 

It is insoluble in water and in dilute hydrochloric add, but 
is decomposed by sulphuric, nitric, and concentrated hydro- 
chloric acids, and, in common with all cyanogen compounds, by 
hydrate of potassium. It is soluble in oxalic acid, and also in 
neutral tartrate of ammonium. 

Th6 Ferricyanide, or, as some think, the cyanide (Fe^Cyg), is 
produced by the action of ferricyanide of potassium : no pre- 
cipitate is formed, for the salt is soluble in water; but the 
colour, a deep green with a tinge of brown, is characteristic : this 
is best seen in very dilute solutions ; in concentrated ones it may 
be mistaken for a precipitate. 

The Phosphate is produced by the action of phosphate of 
sodium : it is a white flocculent precipitate. 

Its composition is said to be rejjP0^+2aq. 
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It is insoluble in ammonium salts, with the exception of the 
hydrate and carbonate; it also dissolves to a slight extent in 
carbonate of sodium. It is soluble in 1500 parts of boiling water, 
and readily dissolves in weak acids, except cold acetic acid. 

The other special reagents of the present and two preceding 
groups give no characteristic reactions with solutions of ferric 
salts. 

The principal means employed for the recognition of ferric 
salts are these, — ^the borax bead, and the formation of the 
reddish-brown hydrate and of the beautiful blue ferrocyanide, 
together with the peculiar reaction of ferricyanide of potassium. 

Section II. — Non-volatile Saks, not precipitated by excess of Hy- 
drate of ammonium (NH^ HO) in the presence of Chloride of 
ammonium (NH^Cl). * 

SAMS OP MANGANESE, COBALT, NICKEL, AND ZINC. 

SALTS OF MANGANESE. 

Manganese resembles the three preceding metals in forming 
a great number of combinations with oxygen ; but the majority 
of these compounds, like those previously described, are sup- 
posed to be formed by the imion of the oxides among them- 
selves. The two oxides Mn^O and (Mja^\0^ are the only oxides 
of manganese which represent series of salts; and of these 
series the former is by far the more important, and its members 
more numerous. Manganese, like iron, forms a combination with 
oxygen, having in its salts the formula MnO,, and playing the part 
of an acid-radical: manganese also combines with oxygen to 
form another acid-radical with the formula Mn^O^, and which 
is also known in combination with basic radicals in the form of 
the permanganates. Manganous salts are either colourless or 
of a pale rose tint : this colour has been said to be due to the 
presence of cobalt ; and it is also stated that it is owing to the 
presence of a manganic salt, and that, if this impurity be re- 
moved by sulphurous acid or an appropriate reducing agent, the 
salt is decolorized. Manganic salts are red. 
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Salts of manganese, when heated before the blowpipe, for the 
most part decompose, leaving the brown oxide (MngO^), which 
remains infusible, imparts no tinge to the blowpipe flame, nor 
gives any characteristic reaction with nitrate of cobalt. Fused 
with horaoff, all manganese salts colour the bead of a hyacinthine- 
red colour in the oxidizing flame, due, probably, to the formation 
of a sesquiborate (Mn^fBO^jg), while, in the redtidng flame, the 
glass becomes j9iw/?, andflnally colou/rUss, by reason of the reduc- 
tion of the salt to the state of protoborate : this is much facili- 
tated by the addition of a little metallic tin. 

There are other means of recognizing the metal, both in man- 
ganous and manganic salts, besides the precipitation of certain 
insoluble compounds and the production of the characteristic 
borax bead ; these are the formation of the manganic and of the 
permanganic acids, — tests as sensitive for the detection of man- 
ganese as chromic acid for the recognition of chromium. These 
acids of manganese are obtained by exposing any manganese salt to 
the action of a substance capable of yielding oxygen ; a mixture 
of carbonate of sodium and nitrate of potassium is generally em- 
ployed: the most minute trace of the metal confers upon the 
fused mass, when cold, a bluish-green tint, which is quite cha- 
racteristic. The formula of manganic acid is HMnO^, and of 
manganate of potassium KMnO,. Permanganic acid is even 
more readily formed, and is a test of great delicacy : the man- 
ganese salt is dissolved in concentrated nitric acid, the solution 
boiled, and then a few grains of peroxide of lead (Pb^Oj) added ; 
upon allowing the excess of peroxide to settle down, the super- 
natant liquid will be seen to have acquired a most beautiful 
reddish- violet colour, if but a very minute trace of manganese 
were present. The formula of permanganic acid is HMn^O^. 

Manganic acid is readily converted into permanganic, and vice 
versd, as the following equations show. Manganate of potassium 
with nitric acid is thus decomposed : — 

6(KMn02)+4(HN03)=2(KMn2 0J+MnN034-3(ZN03)+2(H2 0); 

while permanganate, with alkalies, yields the manganate, thus, — 
2(KMn2 0J+2(KHO)=4(KMnOa)+0+H^O. 
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MANGANOUS SALTS, OE PE0T0-SALT8 OF MANGANESE. 

Solution for the reactions : — sulphate of manganese (Mn^ SO^) 
in water. 

The chief insoluble salts by means of which this series may 
be distinguished are these, — ^the cyanide, the chromate, the 
hydrate, the sulphide, the carbonate, the oxalate, the ferro- 
cyanide, the ferricyanide, and the phosphate. 

The Cyanide is produced by the action of cyanide of potas- 
sium: it is a dirty-yellow bulky precipitate, becoming brown 
by exposure to the air. 

Its formula is MnCy. 

It is soluble in excess of the precipitant, and in strong acids 
with decomposition. Manganicyanogen is formed with difficulty. 

The Chbomate is produced by the action of chromate of potas- 
sium after the lapse of some time, or more rapidly by boiling the 
solution. It is a dark brown precipitate. 

Its formula, when dried at 100° C, is MnCrO^+aq. 

It is slightly soluble in water, and soluble in acids. 

The Hydrate is produced by the action of the hydrates of 
potassium or ammonium on neutral solutions of manganous salts ; 
the latter, as in the cases of magnesium and iron (pp. 93 and 121), 
only precipitates half the amount of metal present as hydrate, the 
remaining half forming with the ammonium salt produced in the 
first decomposition a soluble compound not precipitable by ex- 
cess of hydrate of ammonium. One result of this action is, that, 
if a sufficient quantity of an ammonium salt be added to a solu- 
tion of a manganous salt, the subsequent addition of hydrate of 
ammonium produces no precipitate whatever. This solution of 
the manganous salt in a salt of ammonium, or the precipitated 
hydrate (which is white), rapidly absorbs oxygen from the air, 
bec-oming converted into the manganic hydrate. 

The formula of the hydrate is MnHO. 

It is insoluble in excess of its precipitants, but perfectly 
soluble in ammonium salts, if no manganic hydrate be present. 

The Sulphide is produced by the action ot the sulphides of 

g5 
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potassium or ammonium ; it is also produced by passing hydro- 
sulphuric acid gas into an ammoniacal solution of a manganous 
salt; but if the solution of the manganous salt be acid or 
neutral, this gas produces no precipitate, or only the faintest 
turbidity if the solution be quite neutral. It is a buff or flesh- 
coloured precipitate when quite pure, and very pale when pre- 
cipitated from dilute solutions : by contact with the air it be- 
comes brown. 

Its formula is Mn^ S, but it probably contains some water. 

It is insoluble in excess of its precipitants, but readily soluble 
in most acids, even in acetic acid (if concentrated), with decom- 
position. 

The Sxtlphate (MngSO^+Taq) is soluble. It occurs in pink 
crystals. 

The Double Sttlphate of Manganese and Fotassixtm (EllnSO^ 
-f 3aq) is also soluble. 

The Carbonate is produced by the action of the carbonates of 
potassium or ammonium ; it is only formed by the action of the 
carbonates of the second group on boiling. It is a pinkish-white 
precipitate, which does not become brown by exposure to the air. 

Its formula, dried at 88° C, is 2(Mn2CO,)+aq. 

It is insoluble in excess of its precipitants, but when recently 
precipitated dissolves in solution of chloride of ammonium. It dis- 
solves in 7680 parts of water, and in 3840 parts of solution of 
carbonic add gas (CO,) : in acids it dissolves with decomposition. 

The Oxalate is produced by the action of oxalic add, or of 
the oxalates of potassium or ammonium, not added in excess, 
lest a compound and soluble oxalate should be formed. It is a 
nearly white powder, cr3n3talline, and usually showing a fetint 
tint of rose. 

Its formula, when dried at 100° C, is Mn3C,0^+2aq. 

It dissolves in 900 parts of cold, and in a less quantity of 
boiling water. It is somewhat soluble in an excess of the alka- 
line oxalates, and also in solutions of ammonium salts. Oxalic 
acid dissolves it slightly, but abundantly on heating; the 
stronger adds dissolve it more easily. 
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The Eebboctanide is produced by the action of ferroc3ramde 
of potassium. It is a white precipitate. 

Its formula is Mn^Cfy. 

It is insoluble in most ammonium salts. It dissolves in hy- 
drochloric acid. 

The Ferricyanide is produced by the action of ferricyanide of 
potassium : it is a brownish-yellow precipitate. 

Its formula is MngFe^Cyg. 

It is insoluble, or nearly so, in ammonium salts, and also in 
hydrochloric add. 

The Phosphate is produced by the action of phosphate of 
sodium : it is a white precipitate, which does not become brown 
on exposure io the air. 

The composition of this salt appears to vary with the method 
of precipitation, although the same precipitant (Na^HPO^) be 
used. If excess of the precipitant be employed, adding it to a 
cold neutral solution of the manganous salt, a salt of the formula 
MUgPO^ +3^ is precipitated ; but if the solution of the man-' 
ganous salt be kept in excess and were acid, the precipitate, which 
slowly forms, has the composition Mn^HPO^-l-Saq. 

The other special reagents of the present and two preceding 
groups produce no characteristic reactions with manganous 
salts. 

The chief means for the detection of manganous salts are 
these, — ^the blowpipe reaction, the formation of the hydrate, the 
sulphide, the carbonate, and the ferricyanide. 

manganic salts, OB SBSQUI-SALTS OF MANOANERB. 

The manganie salts are extremely soluble ; and their solutions are generally 
of a rose-red colour. They are but little known, owing to their exoessive 
instability, being easily resolved, in most instances into the corresponding 
manganous salt and salt-radical. 

Gl^ chief insoluble salts are the hydrate and phosphate. 

The Hydrate is obtained by precipitating solutions of manganic salts 
([Mn^ls [S04]3 for example) by the action of carbonate of calcium, also by ex* 
posing manganous hydrate to the air, or to chlorine ; it is always, however, 
mixed with Mn HO. It is a bulky brown powder. 

Its formula is Mn^H, O3. 



132 CHEMICAL BEACTIOKS. 

The Phosphate is only obtained by heating the sesquiozide (Min^)^ O3 with 
phosphoric acid : it is a peach-coloured powder. 
Its formula is Mn2(P04)3-|-aq. 
It is insoluble in all acids except hydrochloric. 

SALTS OF COBALT. 

There are many points of resemblance between this metal and 
the three preceding. It corresponds in particular very closely to 
iron in the number and chemical properties of the oxides which 
it forms. One oxide (Co^O) is, however, the only one that can 
be said to represent a series of salts, the sesqui-salts, typified by 
the sesquioxide ([COjjgOg), being very readily decomposed into 
proto-salts and salt-radicals. The remaining oxides are generally 
believed to be compounds of these two. The cobaltous or 
proto-salts are generally of a pink or violet colour ; and such 
of the cobaltic or sesqui-salts as are known are dark red or 
brown. 

The salts of cobalt, when heated before the blowpipe, generally 
yield a dark green powder of protoxide, which remains infusible, 
imparts no colour to the blowpipe flame, and is not affected by 
nitrate of cobalt : fused with borax, however, they produce ajine 
blue beady in both the redticing and oxidizing flames, 

COBALTOTTS SALTS, OE PfiOTO-SALTS OF COBALT. 

Solution for the reactions :- — ^nitrate of cobalt (C0NO3) ia water. 

The principal insoluble cobaltous salts are these, — ^the cyanide, 
the chromate, the hydrate, the sulphide, the carbonate, the oxa- 
late, the ferrocyanide, the ferricyanide, and the phosphate. 

The Cyaitide is produced by the action of cyanide of potassium : 
it is a dirty pale-red precipitate, approaching to brown. 

Its composition, when dried over sulphuric acid, is CoCy-|-aq. 

It is soluble in excess of its precipitant, being converted com- 
pletely, on boiling the solution, into cobalticyanide of potassium 
(K3C0j,Cyg or KjCocy). Dilute acids produce no precipitate ia 
this solution; for the hydrocobalticyanic acid formed by their 
action is very soluble in water. If the solution of cobalticyanide 
of potassium be strongly acidulated with nitric acid, evaporated 
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to dryness, and fused, the cobalticyanide is decomposed, the 
black oxide (Go^O) is left, and may be tested before the blowpipe. 
The cyanide is soluble in hydrate of ammonium and most other 
ammonium salts, especially on heating; but it is insoluble in 
water, and in dilute acids. 

The Chbomate is produced by chromate of potassium. It is 
reddish brown. 

It is thought to be a basic salt. 

The Hydrate is produced by the hydrates of potassium or 
ammonium ; the latter exerts the same action as has been ex- 
plained in the cases of magnesium, iron, and manganese, pre- 
cipitating only half the metal 8is hydrate, the other half remaining 
dissolved by the ammonium salt produced at first. When freshly 
precipitated it is blue ; it then changes to violet or a dirty red, 
and finally to green ; this happens more rapidly if the liquid be 
boiled : if exposed to the air it becomes green, and partially con- 
verted into cobaltic hydrate. 

The composition of the blue precipitate is that of a basic salt, 
while the formula of the red one is CoHO. 
. It is insoluble in excess of hydrate of potassium, but soluble 
in the more stable ammonium salts ; and therefore, if hydrate of 
ammonium be added to an acid solution of a cobaltous salt, no 
precipitate is produced, because such an ammonium salt is at the 
same instant formed. The hydrate is readily soluble in acids. 

The Sulphide is produced by the action of the sulphides of 
potassium or ammonium, also by passing sulphuretted hydrogen 
into an ammoniacal solution of a cobaltous salt. If, however, 
the latter solution be neutral, the gas precipitates it but im- 
perfectly, except in the case of a salt containing a weak acid- 
radical, as that existing in the acetate. Acid solutions of co- 
baltous salts are not precipitated at all by sulphuretted hydrogen, 
except in the instances just alluded to ; but even then the acetic 
acid must not be too concentrated, lest it retain some of the 
cobalt in solution. The sulphide is also produced by the addition 
of recently precipitated sidphide of manganese (Mn^S) to solutions 
of cobaltous salts. It is a black precipitate. 
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Its formula is Co^S, together with some water. 

It is but very triflingly soluble in excess of its precipitants. 
It is almost absolutely insoluble in acetic acid, and is only slowly 
dissolved by the acids (H^SO^, HCl, and HNO3) in the cold ; but 
in nitrohydrochloric acid it easily dissolves. 

The Sulphate (COjSO^+Taq) is soluble. The double sul- 
phate of cobalt and potassium (KCoSO^-fSaq) is also soluble. 

The Carbonate is produced by the action of a neubral or acid 
carbonate of potassium or ammonium, but not by the carbonates 
of the second group, except at the boiling temperature. It is a 
peach-coloured precipitate. 

Its formula is Co^COg, 3(CoHO). It contains also some water. 

It is extremely soluble in excess of carbonate of ammonium, 
and slightly soluble in concentrated solutions of the carbonates 
of potassium or sodium. It immediately dissolves in acids, suf- 
fering decomposition. 

The Oxalate is produced by the action of oxalic acid or 
oxalate of potassium. It is a rose-coloured powder. 

Its formula when dried in the air is Co2C2 0^+2aq. 

It dissolves readily in hydrate and carbonate of ammonium, 
and slightly in other ammonium salts. It is almost ins6luble 
in water, but soluble in 40,000 parts of boiling oxalic acid 
solution. 

The Eebrogtakide is produced by ferrocyanide of potassium. 
It is a pale blue precipitate, which becomes a greyish-red after 
some time, and, by careful heating, assumes a green colour. 

The formula of the dry salt is COjCfy. 

It is partially soluble in hydrate of ammonium and in the 
carbonate, but is insoluble in hydrochloric acid. It dissolves 
without decomposition in sulphuric acid, with which, indeed, it 
combines to form a crystalline compound. 

The Ferricyanide is produced by ferricyanide of potassium. It 
is a dark-red precipitate. 

Its formula is Co^Cfyj,. 

It is insoluble in hydrate of ammonium and in hydrochloric 
acid. 
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Thb Phosphate is produced by the action of phosphate of 
sodium. It is a blue precipitate. 

Its formula appears to be COjPO^. 

It dissolves readily in hydrate of ammonium, and sHghtly in 
many other ammonium salts ; it is also soluble in phosphoric 
and most other acids. 

The other special tests of the present and two preceding groups 
give no characteristic reactions with cobaltous salts. 

Oobaltous salts may be detected by their blowpipe reaction, and 
the formation of their hydrate, sulphide, and ferricyanide. 

COBALTIC SALTS, OR SESQUI-SALTS OF COBALT. 

The chief iiisoluble salt of this series is the hydrate ; but the phosphate 
and the ferrocjanide are also known, and are insoluble. Many soluble salts 
of this series may be formed by dissolving the sesquihydrate in acids ; but 
they are all extremely unstable, decomposing with great rapidity into the cor- 
responding proto-salts. The acetate is almost the only stable cobaltic salt. 

The Hydrate is formed by saturating water, in which some oobaltous 
hydrate or carbonate is suspended, with chlorine, or by exposing an ammo- 
niacal solution of a cobaltous salt to the air until it has assumed a brown 
colour, and then precipitating it with hydrate of potassium. 

Its formula is Co, H3 O3. 

It dissolves in most acids, generally with evolution of oxygen and forma- 
tion of the proto-salt. It is insoluble in hydrate of anmionium. 

The Sulphide ib produced by ihe action of hydrosulphuric add, or sul- 
phide of ammonium, on a solution of the acetate. It is a black precipitate. 

The FERBOCYAinDE is produced by the action of ferrocyanide of potassium. 
It is a dark red precipitate. By excess of the precipitant it is resolved into 
the green protoferrocyanide (Co^Cfy) and ferricyanide of potassium. 

The Phosphate is produced by the action of phosphate of sodium. It is 
a brown precipitate. 

The action of the other special tests of the present and two preceding 
groups upon the sesqui-salts of cobalt has in many cases not been ascertained. 

SALTS OF NICKEL. 

The salts of this metal are almost as closely allied to those 
of cobalt as are the salts of erbium and terbium to those of 
yttrium, or the salts of didymium and lanthanium to those of 
cerium ; they have, howevery been made the subjects of more 
complete investigation, on account of their occurring in far greater 
abundance. Nickel is only known to form two combinations 
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with oxygen, a protoxide, NijO, and a sesquioxide, (^1^)203, 
although the existence of a higher oxide has been alleged. The 
protoxide alone represents an important series of salts, the only 
representatives of the sesqui-salts being the oxide and the hydrate. 
The proto-salts of nickel are generally of a yellow colour when 
anhydrous, and when hydrated, green. 

When heated before the blowpipe, the salts of nickel leave a 
residue of a greenish-grey or dull black appearance, which is 
infusible, and imparts no colour to the flame : it is not affected 
by nitrate of cobalt solution ; but when fused with borax on the 
platinum wire, it produces a bead which, in the reducing fiame^ 
is opaque and grey, from particles of reduced metal diffused 
through it, whilst in the oocidizing flame it becomes of a transparent 
brownish orange-red : if, however, a small fragment of nitrate of 
potassium be added to the grey nickel bead produced in the inner 
flame, and the bead be again carefuUy heated in the oxidizing 
flame, a glass of a red-purple colour is produced. 

NICKELOUS SALTS, OR PEOTO-SALTS OF NICKEL. 

Solution for the reactions : — ^protosulphate of nickel (Ni^SO^) 
in water. 

The principal insoluble salts are these, — ^the cyanide, the chro- 
mate, the hydrate, the sulphide, the carbonate, the oxalate, the 
ferrocyanide, the ferricyanide, and the phosphate. 

The Cyanide is produced by the action of cyanide of potassium. 
It is a pale greenish precipitate. 

Its formula is NiCy. 

It is readily soluble in excess of its precipitant, a double salt 
(NiCy, KCy) being formed ; it is, however, reprecipitated as NiCy 
upon the addition of hydrochloric or sulphuric acid, since no com- 
pound is formed similar to those produced by iron and cobalt 
under similar circumstances. Hydrate of potassium decomposes 
the cyanide of nickel, with formation of cyanide of potassium and 
protoxide of nickel. The cyanide dissolves quickly in hydrate or 
carbonate of ammonium, and more or less perfectly in most am- 
monium salts. It is insoluble in water and in acids. 
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The Chbokate is produced by the action of chromate of po- 
tassium on certain proto-salts of nickel, and is generally precipi- 
tated only, or chiefly, on heating the mixed solutions. It is a 
reddish-yellow powder. 

Its formula is probably NiCrO^. 

It is insoluble in water. 

The Hydrate is produced by the action of hydrate of potassium^ 
hydrate of ammonium producing only a slight precipitate, since 
the hydrate of nickel is soluble, not only in the ammonium salt 
produced, but in the precipitant itself. It is a precipitate of a 
pale green colour. 

Its formula is MHO. 

It is insoluble in excess of hydrate of potassium. Ammonium 
salts readily dissolve it, forming a fine bluish-purple solution. 

The Sulphide is produced by the action of the sulphides of 
potassium or ammonium, or by the passage of hydrosulphuric 
acid gas into an ammoniacal solution of a proto-salt of nickel, by 
which means sulphide of ammonium is formed. Hydrosulphuric 
acid occasions only a trifling turbidity in neutral solutions of nickel 
salts containing energetic acid-radicals. If, however, the acid- 
radical of the salt is weak, as are many of those derived from the 
organic kingdom, then the gas precipitates more of the nickel ; 
this is the case with the acetate of nickel. Acid solutions of 
nickel salts are not precipitated at all by hydrosulphuric add, 
except in the cases of the weak adds before mentioned. The 
recently predpitated sulphides of manganese and cobalt, when 
introduced into solutions of nickel salts, also cause the precipita- 
tion of the nickel as sulphide. It is a black precipitate. 

Its formula is Ni^S. 

It is insoluble in excess of sulphide of potassium, but some- 
what soluble in excess of sulphide of ammonium; that is, in 
excess of the ordinary yellow sulphide ([NH^j^S+nS), which con- 
tains sulphur. Colourless sulphydrate of ammonium (NH^HS) 
does not dissolve it. From the solution, which is brownish- 
yellow^ neutralization with acetic add reprecipitates it. It is in- 
soluble in water, almost insoluble in acetic add, slightly soluble 
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in hydrochloric acid, but dissolves at once on the addition of 
nitric add. In most acids it is soluble at the boiling tem- 
perature. 

The Sulphate (NiaS0^+7aq) and the double sulphate (KNiSO^ 
+3aq) are soluble. 

The Carbonate is produced by the action of the add or neutral 
carbonates of potassium or ammonium on solutions of nickel salts, 
and also by allowing the hydrate to absorb carbonic acid gas from 
the air. It is also produced by the carbonates of the second sub- 
division, but only at the boiling temperature. It is a pale green 
precipitate. 

Its formula is that of the mixed hydrate and carbonate. When 
predpitated at the boiling temperature, it is sometimes of the 
formula Ni^CO,, 6MH0, aft;er drying in the air, or in vacuo. 

It is soluble in excess of carbonate of ammonium, forming a 
greenish-blue solution. It is but very slightly soluble in a con- 
centrated solution of carbonate of sodium. It is readily soluble 
in most adds. 

The Oxalate is produced by the action of oxalic acid, but by 
the alkaline oxalates only after the lapse of some time. It is a 
greenish-white precipitate. 

Its formula is NiaCaO^+2aq. 

It dissolves readily in hydrate or carbonate of ammonium, but 
less easily in other ammonium salts. It is insoluble in water, 
slightly soluble in solution of oxalic acid ; but it dissolves with 
comparative rapidity in the stronger adds. 

The FEBBOCYAianE is produced by the action of ferrocyanide of 
potassium. It is a green precipitate. 

Its formula is NijCfy ; but it generally retains a portion of its 
precipitant. 

It is soluble in hydrate of ammonium, forming a red solution ; 
but the ammonium salts in general do not dissolve it. 

The FEfiBicYAJODE is produced by the action of ferricyanide of 
potasdum ; it is a reddish-brown precipitate. 

The Phosphate is produced by the action of phosphate of 
sodium ; it is a pale green precipitate. 
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Its formula is probably Ni^ HPO^. 

It is insoluble in water, but soluble in strong acids. 

The other special reagents of the present and of the first and 
second groups, give no characteristic reactions with protosalts 
of nickel. 

The means usually employed for the recognition of the proto- 
salts of nickel are these, — ^the blowpipe reaction, the precipita- 
tion of the hydrate, of the cyanide, of the sulphide, and of the 
ferro- and ferricyaoudes. 

SESQUI-SALTS OF NICKEL. 

These salts are, as has been stated, unstable in the extreme. The only 
insoluble salts known are the sesquioxide ([NiJ^Og) and the hydrate 
(Ki^ H3 O3). When the hydrate is dissolyed in adds, proto-salts of nickel 
are immediately formed. The sesquioxide may be obtained by moderately 
heating the protonitrate. It is also formed when hydrate of nickel comes in 
contact with a hypochlorite, — 

4(NiHO)+CaaO=(Ni2)a03+Caa+2HaO. 
If the solution decanted from the precipitated oxide be boiled, a further 
precipitation occurs ; but the precipitate is now the hydrate (Si^ H, O3). 

SALTS OF ZINC. 

Solution for the reactions: — sulphate of zinc (Zn^SO^) in 
water. 

The metal zinc differs from the preceding metals in many of 
its chemical characters : it forms only one series of salts, proto- 
salts^ of which the chloride (ZnCl) or the oxide (Zn^O) may be 
taken as representatives. Two other combinations of zinc and 
oxygen are supposed to exist, the suboxide (Zn^O), and the 
peroxide (Zn^O^) ; but their existence is somewhat problematical 
at present. 

Most zinc salts, when heated before the blowpipe on charcoal, 
leave the white infusible residue of protoxide (Zn^O), which in- 
eandesees strongly, and when removed from the flame appears 
slightly yellow while hot, and becomes white on cooling. The 
metal itself being volatile below a white heat, if the oxide be 
reduced to the metallic state by exposure to the inner flame of 
tiie blowpipe, it volatUizes, and, passing through the highly 
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heated air which surrounds the blowpipe flame, oxidizes agahi, 
and is deposited on a more distant and cooler part of the char- 
coal as on " incrustation." The oxide, if moistened with a solu- 
tion of nitrate of cobalt, and again strongly heated in the oad- 
dizing Jlamey is found, after cooling, to have assumed a green 
colour. Zinc salts impart no colour to the flame; and when 
fused with borax on a platinum wire, the bead, if saturated with 
zinc, remains clear in the outer flame, but in the reducing flame 
becomes milk-white ; and if very intensely heated, the zinc salt 
is reduced to the state of metal, and alloys with the platinum. 
The metal zinc itself bums in the blowpipe flame with on in- 
tense bluish or greenish white light. 

The principal insoluble salts are the cyanide, the chromate, 
the hydrate, the sulphide, the carbonate, the oxalate, the ferro- 
cyanide, the ferricyanide, and the phosphate. 

The Cyaiode is produced by the action of cyanide of potas- 
sium ; it is a white precipitate. 

Its formula is ZnCy. 

It is soluble in excess of its precipitant, and in excess of the 
hydrates of potassium or ammonium, and in most ammonium 
salts ; it is insoluble in water, but dissolves in acids, even in 
acetic. 

The Chbomate is produced by the action of the chromate of 
potassium on solutions of zinc salts. It is a precipitate of a flne 
yellow colour. 

Its composition appears to vary. 

It is soluble in hydrate of potassium, — chromate of potassium 
and hydrate of zinc being formed, both of which are dissolved 
by the excess of the precipitant. 

The Hydrate is produced by the action of the hydrate of potas- 
sium or ammonium ; it is a white gelatinous precipitate. The 
ammonium salt does not precipitate the whole of the zinc. 

Its formula is ZnHO. 

It is soluble in excess of its precipitants, and in ammonium 
salts ; it is dissolved by most acids. 

The Sulphide is produced by the action of the sulphides of 
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potassium or ammonium on solutions of zinc salts^ or by passing 
sulphuretted hydrogen gas into an alkaline solution of zinc, 
while from neutral solutions of zinc this gas precipitates but a 
fipnaU part of the metal present, and from acid solutions none at 
all ; the acetate of zinc, however, is an exception, being com- 
pletely thrown down by hydrosulphuric acid, whether a neutral 
solution, or one acidijOiedwith acetic acid be taken. It is a white 
precipitate. 

The formula of this precipitate is ZnHS ; t. e. it is a hy- 
drate in which half the oxygen is " replaced" by sulphur : the 
hydrate has, it wiU be remembered, the formula ZniKO. In 
order to avoid fractions, the formula of the so-called sulphydrate 
of zinc may be thus written, — Zii^ H^ SO, or Zn^ S,H20. 

It is insoluble in excess of its precipitants, slightly soluble in 
acetic acid, but recdily soluble in stronger acids. 

The Sulphate (Zn^SO^+Taq) and the double sulphate 
(KZnS0^+3aq) are soluble. 

The Caebonatb is produced by the action of the carbonates 
of potassium or ammonium, but is only partially precipitated, 
except after boiling the solution, because, the precipitate being 
a mixed hydrate and carbonate, some carbonic acid is liberated, 
which retains a portion of the carbonate of zinc in solution. 

Its formula is Zn^CO,, 3ZnH0. 

It is somewhat soluble in excess of carbonate of sodium, more 
80 in carbonate of ammonium, and readily dissolves in the com- 
mon ammonium salts. It dissolves in 44,642 parts of water, 
but separates when the solution is heated, and does not re- 
dissolve on cooling. It is readily soluble in most acids, and to 
some extent even in carbonic acid. 

The Oxalate is produced by the action of oxalic acid or 
oxalate of potassium on solutions of zinc salts. It is a white 
precipitate. 

Its formula, when dried in the air, is ZnaC20^+2aq. 

It dissolves readily in hydrate or carbonate of ammonium, but 
less easily in other ammonium salts; it is scarcely soluble in 
water^ but dissolves in hydrochloric acid. 
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The Ekbbocyanide is produced by the action of ferrocyanide 
of potassium ; it is a white precipitate. 

Its formula is Zn^Cfy+l^. 

It is partially soluble in excess of its precipitant, soluble in 
hydrate of ammonium and other ammonium salts, and slightly 
soluble in dilute acids. 

The FEBBicrANiDE is produced by the action of ferricyanide of 
potassium : it is a precipitate of an orange-brown colour. 

Its formula is ZUjCfyj. 

It dissolves readily in hydrate of ammonium and other ammo- 
nium salts. 

The Phosphate is produced by the action of phosphate of 
sodium ; it is a white semigelatinous precipitate, changing to a 
dystalline powder. 

Its composition is Zn^HPO^ when the precipitant has been 
added in excess ; but if the solution of the zinc salt preponderate, 
its formxda is ZUgPO^. 

These precipitates are soluble in the hydrate and other salts 
of ammonium ; they are insoluble in water, but soluble in adds. 

The other special reagents of the two preceding groups exert 
no characteristic action on solutions of zinc salts. 

The chief means employed for the recognition of zinc salts 
are these, — ^the blowpipe reactions on charcoal and with ni- 
trate of cobalt, together with the formation of the hydrate and 
sulphide. 

SiOTiON m. — SaUs of the compound bases, which may he vohaiized and 

destroyed by ignition, 

SALTS OF MORPHINE, QUININE, AND STRYCHNINE. 

In addition to the elementary basic radicals which this third group con- 
tains, we here introduce a few of that large class of compound basic bodies 
of which so great a nimiber exists, but of which few are of suf&dently fre- 
quent occurrence to warrant consideration in an analytical work. They 
occur in nature, or in natural products. Morphine is found in opium, 
the inspissated juice of the Papaver somniferum ; quinine in the bark of the 
Cinchona lancifolia and the allied trees ; and strychnine in the seeds of the 
8trychnos nux-vomica and other species of Stryeknos : and in those substances 
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these bases exist associated with other bases, one or two of which will be noticed 
in conjunction with them. They are bodies of great medicinal importance ; 
and as toxicological cases frequently arise in which these substances are con- 
cerned, the student ought to be fully acquainted with their reactions. Being 
all entirely constituted of the four elements carbon, hydrogen, nitrogen, 
and oxygen, they are all Yolatile, or decompose, leaying a residue of carbon, 
upon tiie application of heat, and may thus be readily distinguished firom 
every other member of the group with which, by the action of reagents, they 
may occasionally be confounded. Another peculiarity which they present, 
is tiie ready solubility of their salts in alcohoL These compound bases com- 
bine directly with adds to form salts without the disengagement of hy- 
drogen, as is the case with certain elementary basic radicals which have 
been described. On this account, these substances can scarcely be con- 
sidered as basic radicals ; for the sake of convenience we will term them 
haacbodiea. 

SALTS OF MOBPHINE. 

Solution for the reactions: — ^hydrochlorate of morphine (O17H20NO3CI 
4-3aq) in water. 

The yery complex basic body morphine, combines with adds to form 
pierfectly stable salts : all these salts are, howerer, formed after one <ype — 
that of a proto-salt ; and their general formula is consequently MB. 

Morphine, like quinine and strychnine, may be regarded as an amnumiaf 
and like ordinary ammonia (NH3), when combining with adds, becomes a 
salt of ammonium (NH4) : thus 

NH3+Ha=NH^Cl; Ci^HigNOg+HCl = C^HaoNOaCl 

aimiMnua. hjrdrochlorate of morphino. hjrdrodilonte of morphine, 

ammonia, or chloride or chloride of morphine- 

of ammonium* ammonium. 

Salts of morphine are generally yery soluble in water and alcohol, but 
insoluble in ether. They are without colour, unless their add-radical intro- 
duces it ; their taste is bitter, and they are poisonous. When heated they car- 
bonize, t. e. suffer complicated decomposition, one of the results of which is 
the separation of carbon ; this residual carbon will bum entirely away if 
free access of air be allowed, the heat being still maintained. With otiier 
agents also, as sulphuric add, peroxide of lead, &c., characteristic products 
of decomposition are obtained, by means of which morphine may be re- 
cognized: — 

a. When powdered morphine, or a concentrated solution of a morphine 
salt^ is projected into a concentrated solution of ferric sulphate, which must 
be neafaral, or but slightly add, the latter is coloured of a deep blue. This 
colour disappears by the addition of acid or alcohol, or upon the application 
of heat. 

/3. The addition of nitric add to a salt of morphine, or its concentrated 
solation, giyes a reddish orange-colour, which passes into a yellow. 
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Among insoluble morphine salts are the following: — ^the chloroplatinate, 
the carbezotate, the hydrate, the ferrocyanide, the ferricyanide, and the 
phosphate. 

Morphine is always associated with another base, narootine (among 
others), which may be thus distinguished : — ^its hydrate is insoluble in hy- 
drate of potassium, but soluble in ether, while concentrated nitric add 
dissolyes narcotine without coloration, becoming yellow, howeyer, on 
heating. 

The Chrom atb Ain> Ctanide are unknown. 

The Chloboplatinatb is produced by the addition of chloroplatinic acid 
to a solution of a salt of morphine. It is a yellow, curdy precipitate. 

Its composition is Ci^H^oNOgPtCl,. 

It is somewhat soluble in water, and may be crystallized. 

The Carbazotate is unknown. 

The Hydrate is produced by the action of a very dilute solution of 
hydrate of potassium (not in excess) upon solutions of morphine ; it is also 
produced by the carbonates and acid carbonates of the alkalies. It is a white 
precipitate. 

Its composition is Ci^HjoNOgHO. 

It is easily soluble in the hydrates of potassium and calcium (lime-water), 
in the hydrate and chloride of ammonium, but is scarcely soluble in cold 
water; boiling water dissolves about ^^th of its weight of the hydrate. In 
cold alcohol it is but slightly soluble, but it dissolves more readily at the 
boiling temperature. It is insoluble in ether. Most acids dissolve it. 

The Sulprtdbatb is unknown. 

The Sulphate is very soluble. 

The Cabbonate is produced only when a solution of carbonic acid gas, 
made under pressure and saturated with morphine, is considerably cooled 
without the pressure being removed. 

The Oxalate is hardly known. 

The Febboctanide is not well known ; but it appears to be soluble. 

The Febbictanide is produced by the action of ferricyanide of potassium 
upon solutions of morphine salts. It is a yellow crystalline precipitate. 

The Phosphate is produced by phosphate of sodium as a crystalline pre- 
cipitate very soluble in water. 

The action of many of the special reagents of the present and two pre- 
ceding groups upon morphine salts has not been ascertained. 

Morphine is generally recognized by the reactions with ferric sulphate and 
nitric add. 

salts of quinine. 

Solution for the reactions : — sulphate of quinine ([OaoH25N202]2S04 -f-Taq) 
in dilute sulphuric add. 

The compound basic body quinine unites with most acids to form salts of 
great stability. They are all formed upon the type MB, the chloride, or 
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nther the hydrochlorate, having the formula C^'K^^lS.fi.fiiy which is equi- 
Talent to QuHCl, Qu being the symbol for 1 equiyalent of the basic bodj, or 
am7nonia<imnme (C^'R^i^A)' 

Salts of quinine are not usually very soluble in water. Some of their acid 
solutions exhibit the very remarkable phsenomenon oi fluorescence or epipolic 
dispersion^ — ^a magnificent blue luminosity seen upon the surface of the liquid 
when viewed in reflected light, and which is owing to a change effected in the 
actinic rays by the dissolved quinine salt. The hydrochlorate of quinine 
does not exhibit this curious property. Quinine salts are, for the most part, 
extremely soluble in alcohol, while some dissolve also in ether : generally they 
are without colour, and very bitter in taste. When heated, they generally 
leave a residue of carbon, unless with an acid-radical (as in the chlorate) con- 
taining much oxygen : such salts, indeed, usually explode. Peculiar products 
of decomposition may be obtained by the action of mapy reagents ; and by 
these and other methods this body may be recognized. 

Among these reactions are the following : — 

a. If to a solution of a quinine salt, freshly prepared chlorine water be 
added, and then a few drops of hydrate of ammonium, a green colour is 
obtained ; and if too much of the hydrate has not been added, the Jiddition of 
a few drops more of chlorine water will convert the green tinge into a violet, 
and finally into a deep red. 

p. Concentrated nitric acid dissolves quinine and many salts of quinine, 
forming a colourless solution, which becomes only faintly yellow on heating. 

Among the insoluble salts of quinine are the hydrate and the sulphate. 

Quinine is invariably associated to a large extent with dnchonine, which 
may be distinguished from quinine by the insolubility of its hydrate in dry 
ether. Addition of chlorine water causes no coloration in a solution of a 
(dnchonine salt, while the subsequent addition of ammonia produces a yel- 
lowish-white precipitate. 

The Chbom ate and Cyanide are unknown. 

The Chloboplatinate is produced by the action of chloroplatinic acid : 
it is a pale yellow flocculent precipitate, which becomes orange and crystal- 
line by agitation. 

Its formula is said to be C^olI^'S^O.^,Il(2tCi^)^-\'Siq, 

The Pbbchlorate is soluble, and the Cabbazotate is unknown. 

Xh6 Hydrate is produced by the action of the hydrates and carbonates 
of potassium or ammonium, and by the sulphydrate of ammonium : it is a 
white curdy precipitate. 

Its formula is C^o R^s ^a O^, H, O +2aq. 

It is but slightly soluble in hydrate or carbonate of potassium, but dis- 
solves more readily in hydrate of ammonium ; it dissolves in 350 parts of 
cold, and in 400 .parts of boiling water ; it is extremely soluble in alcohol, 
and somewhat so in ether. It is dissolved by most acids. 

Thb Sulphtdbate is not known. 

The Sulphate is the commonest salt of quinine : it is comparatively in- 

H 
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soluble in cold water, requiring 265 ports of water at 15° C, and 24 parts 
of boiling water, for solution ; it is extremely soluble in alcohol, and some- 
what so in ether ; it is dissolved by most acids. 

The Carbonate is only obtained by allowing a carbonic acid solution of 
hydrate of quinine to 'evaporate spontaneously. 

' The Oxalate is obtained by adding oxalate of ammonium to a solution 
of the acetate of quinine : it is a white precipitate, and is but slightly soluble 
in cold water or alcohol, but soluble in boiling alcohol. 

The Ferbocyanide is produced when alcoholic solutions of hydro- 
ferrocyanic acid (HjCfy) and of quinine are mixed, and separates as an 
orange crystalline precipitate. 

Its composition is C20 Hgj N^ Og, H3, Cfya+2aq. 

The Ferrictanide is produced by the action of a concentrated solution 
of ferricyanide of potassium on a solution of hydrochlorate of quinine con* 
taining some free hydrochloric acid, and is precipitated as a golden-yellow 
crystalline powder. 

It is easily soluble in water. 

The Phosphate is a white crystalline body, very soluble in hot phos- 
phoric acid. 

salts of strychnine. 

Solution for the reactions : — ^hydrochlorate of strychnine (C^i H28 N^ Oj, CI) 
in water. 

The compound basic body strychnine oombiifes with most adds to form 
very stable salts, which are formed upon the type MB. 

Most salts of strychnine are soluble in water ; they are colourless unless 
their acid-radical introduces colour ; they are intensely bitter and exceed- 
ingly poisonous : when heated they usually carbonize, and yield with some 
reagents characteristic products. 

Strychnine may be recognized — 

a. By dissolving the base of its salt in a drop of concentrated sulphuric 
acid, and adding to the solution one drop of a solution of chromate of po- 
tassium, when a purplish-blue colour is produced, which changes to red. 
The presence of sugar and of quinine is said to interfere with this test, but 
not when applied as follows : — ^the sulphuric add solution of strychnine, 
to which a few drops of nitric acid has been added, is mixed with a few 
grains of peroxide of 'lead (Pb^^Os), when the liquid becomes successively 
blue, violet, and greenish-yellow*. 

(3, Concentrated nitric acid dissolves strychnine, forming a solution co- 
lourless in the cold, but which becomes slightly yellow on heating. If to 
this solution a small quantity of peroxide of lead be added, the same changes 
of colour may be witnessed as in the preceding experiment. 

* These and similar experiments, where a transparent colouration is pro- 
duced, should be performed upon a fragment of white porcelain. 
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Among the insoluble salts of strychnine are these, — ^the chromate, the 
chloroplatinate, and the hydrate. 

Strychnine is associated in nature, to a certain extent, with another base, 
brudne, which may be readily distinguished from it by being soluble in 
absolute alcohol. The action, too, of nitric acid upon the two bodies differs : 
it dissolves brudne, and colours the solution intensely red; when heated, 
this colour changes to yellow ; and if stannous chloride or sulphide of am- 
monium be then added, the colour again changes and becomes a most intense 
violet 

The Chbomatb is produced by the action of chromate of potassiimi : it 
is a brownish-yellow predpitate, slightly soluble in cold water or alcohol, but 
much more soluble in boiling water. 

The Cyanide does not exist. 

The Ohloroplatinatb is produced by the action of chloroplatinio add on 
hydrochlorate of strychnine. 

Its compodtion is CaiH23N20a,PtCl3. 

It is almost insoluble in water and in weak and boiling alcohol, also in 
ether. 

The Perchlorate is comparatively insoluble in water, but fiEur more 
soluble in alcohol. 

The Carbazotate is unknown. 

The Hydrate is produced by the action of the hydrate or carbonate of 
potasdum, and of the hydrate of ammonium on solutions of strychnine 
salts (not too dilute) : it is a white precipitate, which appears crystalline 
under the microscope. 

Its compodtion probably is C^iH^'N^O^^'RO. 

It is insoluble in hydrate or carbonate of potasdum, but soluble in hydrate 
of ammonium. It is almost insoluble in water, 1 part requiring 6667 parts 
of water at 10° C. for solution, and 2500 parts of boiling water ; neverthe- 
less its cold aqueous solution, when diluted with 100 times its volume of 
water, possesses a marked degree of bitterness. It is very soluble in alcohol, 
but insoluble in absolute alcohol or ether. It dissolves in most adds. 

The Sulphtdrate is unknown. 

The Oarboi^ate is said to be produced when a strychnine salt is pred^ 
pitated by an alkaline carbonate. 

The Oxalate and the Sulphate are soluble. 

The Ferroctanide is produced by mixing saturated solutions of ferro- 
cyanide of potasdum and of a strychnine salt, and is a {»redpitate composed 
d nearly colourless needles. 

Its compodtion is (C2iH28NaOa)jCfy+4aq. 

It is but slightly soluble in cold water or alcohol, but far more soluble in 
these liquids at the boiling temperature. 

The Ferbictanide appears to be soluble. 

The Phosphate is soluble ; the Silicofluoride does not exist, being re- 

h2 
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Bolyed, at tiie moment of its formation, into hjdrofLuate of strychnine and 
silicic anhydride (Si^Og). 
The other special reagents of the present and two preceding groups are 

TABLE OF 



REACTIONS. 



Cyanide 

Chromate 

Hydrate 

Sulphide 

Carbonate 

Oxalate 

Ferrocyanide... 
Ferricyanide... 
Phosphate 



(see page 109) 



* 

yellow 
white 

+ 

white 



white 



Cra 

(see page 113) 



blue-grey 

r yellow- 1 
\ brown J 

green 

+ 

blue-green 
pale green 



green 



(see page 117) 



yellow 
yellow 
yellow 
black 
yellow 
yellow 
red-bfown 

brown-red 

flight- "I 
\ yellow J 



Fe 

(see page 120) 



r reddish 1 
\ brown J 
f yellow- 1 
\ brown j 
f greenish 1 
\ white J 

black 

f greenish "1 
\ white J 

yellow 
pale blue 

deep blue 

fgreenishl 
\ white / 



BLOWPIPE 
KEACTIONB. 



Incandescent 
residue, which, 
if moistened 
with C0NO3 
and again 
heated, be- 
comes blue. 



The borax- 
bead is green 
in the inner, 
and emerald, 
green in the 
ondizing 
name. 



The borax- 
bead is yellow 
in the oxidiz- 
ing, green in 
the Inducing 
flame. 



The borax- 
bead is red- 
dish-brown 
in the oxidiz 
ing flame, and 
bottle-green 
in the reduc- 
ing flame. 



Note. — 4* means that the precipitate formed by the reagent 
* means that a precipitate occurs, not of the salt 
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not known to give any characteristic reactions with solutions of strychnine 
salts. 
Strychnine is usually detected by its reaction with chromic acid. 

REACTIONS. 



Fe, 


Mn 


Co 


Ni 


ZZL 


(see page 125) 


(see page 129) 


(see page 132) 


(^ee page 136) (see page 140) 


* 


fdirty^ 
[ yellow J 

brown 


dirty pink. 




pale green 


white 


brown 


r reddish ") 
1 brown j 


r reddish \ 
\ yellow J 


yellow 


red 


white 


olive 


green 


white 


black 


buff 


black 


black 


white 


red 


white 


r peach-"] 
colour 


pale green 


white 


yellow 


white 


rose 


i 


r greenish ] 
[ white 


» 


white 


deep ^ 
blue J 


white 


pale blue 


* 


f greenish] 
1 white 


• 


white 


green 1 
solution J 


r brown- 1 
\ yellow / 


dark red 


r greenish 1 
\ yellow J 


' orange- 1 
brown j 


white 


white 


blue 


pale green 


white 


Ferric salts 


With Na^COg 


The borax- 


The borax- 


With C0NO3 


give the same 


a green mass. 
The borax- 


bead in either 


bead is red- 


the oxide as- 


blowpipe 


flame is deep 


brown in the 


sumes a green 


reactions as 


bead is grey 


blue. 


outer, and 


colour; with 


ferrous salts. 


in the inner, 




grey in the 


carbonate of 




and amethyst 




inner flame. 


sodium on 




in the outer 






charcoal, a 




flame. 






yellow incrus- 
tation, white 










when cold. 



added is similar in composition to that above it. 
indicated opposite in the first column, but of the hydrate. 
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In the Table which we append to this group we have purposely 

nnfrequently, but are generally asso- 

Analysis of 

The metals of more common occurrence only being included, 

lEON (ferrous or ferric), MANGANESE, 



BissolTe in hydrochloric acid ; boil vdth a few drops of nitric add, and 
ammonia. 



A precipitate may contain 

Uranium, Aluminium, Chromium, or Iron. 

The precipitate is washed, and digested with carbonate of ammonium 
in the cold, then filtered ; if not wholly dissolved, we infer the 



absence of 
Uranium, 
confirmed 
by adding 
acetic acid 

and fer- 
rocyanide 

of potas- 
sium. 



presence of 

Aluminium, Chromium, or Iron. 

Bedissolye in hydrochloric acid, and add excess of hydrate 
of potassium ; if the precipitate at first formed is finally 
entirely dissolyed, we infer the 



absence of 
Iron. 



presence of 

Ahiminium or Chromium. 

Boil the solution. If no precipitate is pro* 
duced, we infer the 



absence of 
Chromium. 



possible presence of 

Aluminium, 

which may be ascertained by observ- 
ing whether the addition of chloride 
of ammonium produces a preci- 
pitate. 



* If a precipitate is in any case obtained, the reactions 
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omitted to mention the rarer metals, since they not only occur 
jdated also with but few other bodies. 

Bvhdwisum III. 

the salt may be one of ubaitixjm, ALUMINIUM, CHEOMIUM, 
NICKEL, COBALT, or ZINC. 



add some quantity of solution of chloride of ammonium, and excess of 



No precipitate will indicate the presence of 

Manganese, Nickel, Cobalt, or Zinc. 

Add sulphide of ammonium, wash any precipitate which may form 
thoroughly, dissolve it in nitro-hydrochloric add, and add excess of hydrate 
of potassium ; the formation of any precipitate will indicate the 



absence of 

Zinc. 
This may 
be con- 
firmed by 
observing 
that hydro- 
sulphuric 
acid pro- 
duces no 
precipitate 
in tiiis 
solution. 



presence of 

Manganese, Nickel, or Cobalt. 

Bedissolve in HCl, and add excess of carbonate of am- 
monium ; the formation of no precipitate indicates the 



absence of 
Manganese. 



presence of 

Nickel or Cobalt. 

Acidify with acetic acid, add cyanide of po- 
tassium in excess, boil the solution, and add 
slight excess of hydrochloric acid ; the formation 
of no precipitate indicates the 



absence of 
Nickel. 



possible presence of 

Cobalt, 

which may be ascertained b^ evapo- 
rating to dryness, and observmg whe- 
ther the residue colours the borax- 
bead blue in both flames. 



must be referred to, and confirmatory tests chosen. 
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SUBDIYISIOK lY. 

SALTS OF CADMTOM, COPPER, SILVER, MERCURY, LEAD, 
BISMUTH, PALLADIUM, TIN, ANTIMONY, ARSENIC, PLA- 
TINUM, RHODIUM, IIUTHKNIUM, IRIDIUM, OSMIUM, OOLD, 
TUNGSTEN, MOLYBDENUM, AND VANADIUM. 

The metals of this subdivision bear a very great resemblance to 
those of the last group, both in the number and the composition 
of the insoluble salts which they form : two members, indeed, 
of the present subdivision, cadmium and copper, differ in but 
few particulars jfrom the general chemical characters of iron, 
nickel, cobalt, and zinc ; but some metals of this class form in- 
soluble chlorides and iodides, as copper and mercury (cuprous 
and mercurous chlorides), and also silver, lead, and platinum 
(argentic, plumbic, and platinous chlorides). As a general rule, 
however, the salts of the present and of the preceding subdi- 
vision correspond very closely in relative solubihty and inso- 
lubility, — the chlorides, sulphates, silicofluorides, &c'. of the 
fourth subdivision being soluble like those of the third, while 
the chromates, hydrates, carbonates, sulphydrates, sulphides, &c. 
are insoluble, at least for the most part, and thus resemble the 
similar salts of the third group. The great characteristic which 
enables us to arrange the metals whose names are given above into 
a distinct group, is the precipitation of their sulphides by hydro- 
sulphuric acid gas, not only jfrom neutral, but also from acid solu- 
tions, — the ready solubility of the sulphides of the former sub- 
division in acids being, it will be remembered, one of its 
distinguishing features. But, in addition to this, a new pecu- 
liarity manifests itself in the deportment of the sulphides of the 
present group, by means of which its further division into ' 
sections is effected. The peculiarity alluded to, is the solubility 
of a great number of these sulphides in alkaline sulphides, and 
the insolubility (under the same conditions) of the remainder. 

A new feature is also to be observed in the members of this 
group, namely, their ready decomposition with precipitation of 
metal by the introduction of a sheet or bar of certain metals 
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into their solutions: the metals zinc and iron are especially 
active in this respect, they simply mi by assuming the pltuje of 
the precipitated metal, thus — CuCl+Fe=FeCl-|-Cu. 

The salts of the metals contained in this subdivision are some- 
times called *^ salts of the heavy metals." 

The first six metals of this subdivision are of frequent oc- 
currence ; and of the remainder, tin, antimony, platinum, and 
gold are the most important. The most abundant are copper, 
silver, lead, mercury, and tin; but others, such as cadmium, 
bismuth, and antimony, as well as some of quite the rarer ones, 
such as tungsten, molybdenum, and vanadium, exercise so very 
important an influence upon the commoner metals when alloyed 
with them, as to demand such attention from the student as 
may enable him to recognize these rarer bodies by their re- 
actions : it is equally, if noi more important, that he should be 
able accurately to recognize the presence of platinum and gold, 
on account of the great value set upon those metals. 

It has just been mentioned that by the action of an alkaline 
sulphide, such as sulphide of ammonium (in which agent some 
of the sulphides of the present group are insoluble, while the 
remainder are soluble), we can separate this extensive subdivi- 
sion into two sections ; we shaU adopt this method of arrange- 
ment, and here give a list of the members of each section. 
Another reaction is advantageously made use of for the still 
frirther subdivision of the former of these sections, namely, the 
formation of the insoluble argentic, mercurous, and plumbic 
chlorides by the addition of hydrochloric acid ; the other chlo- 
rides of the group being soluble, are thus separated from these 
three bodies, and are subsequently precipitated in the form of 
sulphides. 

SscnoH I.~SAI/rS OP CADMIUM, COPPER, SILVER, MERCURY, 

LEAD, BISMUTH, and palladium. 

Salts of metals which form sulphides insoluble in sulphide of 
ammonium ([NH^]^ S). 

h5 



154 CHEMICAL BEACnOXS. 

Sbctiok n.— salts op tin, antimony, absenic, platinum, 

RHODIUM, RUTHENIUM, IRIDIUM, OSMIUM, GOLD, TUNGSTEN, MOLYBDENUM, 
AND VANADIUM. 

Salts of metals which form sulphides soluble in sulphide of 
ammonium ([NH^]^ S). 

The tests employed for the recognition of the members of this 
group are the following ; — ^hydrochloric acid or a soluble chloride, 
iodide of potassium, cyanide of potassium, chromate of potas- 
sium, the hydrates of potassium and ammonium, sulphydrate 
and sulphide of ammonium, the carbonates of potassium and 
ammonium, oxalic acid and oxalate of potassium, sulphuric acid 
or a soluble sulphate, ferrocyanide and ferricyanide of potassium, 
phosphate of sodium, and hydrosulphuric acid. 

The group test is hydrosulphuric acid (H^S) in an add 
solution. 

Section I. — Salts of metals which form sulphides insoluble in 

Stdphide of ammonium ([NH^]^ S). 

SALTS OF CADMIUM, COPPER, SILVER, MERCURY, LEAD, 

BISMUTH, AND PALLADIUM. 
SALTS OF CADMIUM. 

Solution for the reactions: — chloride of cadmium (Cdd) in 
water. 

Cadmium is a metal which presents so many features ana- 
logous to those of zinc, the last member of the preceding sub- 
division, that its most fitting place is at the beginning of the 
present group. 

Cadmium, like many of the succeeding metals, appears to 
form an oxide containing half as much oxygen as the common 
oxide (CdjO), and the formula of which consequently is Cd^O; 
the former oxide (Cd^O) only is the representative or startmg- 
point of the large number of salts which this metal yields. 

Salts of cadmium, when heated before the blowpipe on pla- 
tinum foil and in the oxidizing flame, undergo no change except- 
ing the separation of the red-brown oxide, which remains in- 
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fusible; but if heated on a reducing surface such as charcoal 
affords, and in the inner flame of the blowpipe, these com- 
pounds are reduced to the metallic state, while the metal volati- 
lizes, becoming oxidized as it passes through the flame into the 
air, and then condenses on a distant part of the charcoal as a 
red-brown incrustation of oxide (CdjO). It imparts no colour 
to the blowpipe flame ; when heated, however, with borax on a 
platinum wire and in the oxidizing flame, a transparent bead is 
produced, which, if saturated with the cadmium salt, becomes 
milk-white on cooling. In the reducing flame the metal is re- 
duced, and if sufficiently heated, volatilized; before this is 
effected, however, the wire will probably be spoilt from the 
cadmium having formed a fusible alloy with the platinum. It 
yields no characteristic retwtion with nitrate of cobalt. The 
salts of cadmium are white, unless the acid-radical introduces 
colour. 

The chief insoluble salts by means of which cadmium is 
recognized are the hydrate, the sulphide, the carbonate, the 
oxalate, the ferrocyanide, the ferricyanide, and the phos- 
phate. 

A bar or plate of metallic iron introduced into the solution of 
a cadmium salt, does not precipitate the metal ; but a bar of zinc 
removes the cadmium from its solution, the zinc combining with 
the acid-radical. 

The Chlobide is soluble. The Iodide is readily soluble. 

The Chkomate is yellow. 

The Cyanide, according to some chemists, is soluble ; accord- 
ing to others, cyanide of potassium produces a precipitate with 
sulphate of cadmium (Cd^SO^), soluble in excess of the pre- 
cipitant and in warm ammonia-water, but insoluble in solu- 
tions of other ammonium salts. 

The Hydrate is produced by the action of hydrate of potas- 
sium, and is partially precipitated also by hydrate of ammonium : 
it is a white precipitate. 

Its formula is CdHO. 

It dissolves readily in hydrate of ammonium and in many 
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other ammonium salts, and readily in acids, suffering decom- 
position. 

The Sulphide is produced by the action of hydrosulphuric acid 
or the sulphides of potassium and ammonium on solutions of 
cadmium salts; it is precipitated even £rom solutions acidified 
by dilute mineral acids, and of course also separates £rom neutral 
or alkaline solutions. It is a brilliant rich yellow precipitate. 

Its formula is Cd^ S. 

It is very slightly soluble in hydrate of ammonium, but dis- 
solves easily in concentrated hydrochloric or nitric acids, and 
even in dilute hydrochloric at the boiling temperature, although 
precipitablc from its acid solution by hydrosulphuric acid gas. 

The Sulphate is soluble. 

The Cakbonate is produced by the action of the neutral or 
tu^id carbonates of potassium or ammonium : it is a white preci- 
pitate. 

Its formula, dried at 100° C, is Cd^CO,. 

It is insoluble in water, and in excess of its precipitants, but 
readily soluble in solutions of ammonium salts, and with decom-> 
position, in acids. 

The Oxalate is produced by the action of oxalic acid or alka- 
line oxalates on solutions of cadmium salts : it is a white crystal* 
line powder. 

Its formula, dried at 100° C, is Cd,C2 0^-|-2aq. 

It dissolves in the hydrate and in most other ammonium salts ; 
it is nearly insoluble in water, and in solution of oxalic acid. 

The FERROcrAionE is produced by the action of ferrocyanide 
of potassium : it is a yellowish-white precipitate. 

Its formula is Cd,Cfy. 

It is soluble in hydrate of ammonium, but does not completely 
dissolve in other ammonium salts. 

The Feeeicyantde is produced by the action of ferricyanide of 
potassium : it is a pale yellow precipitate. 

Its formula is CdgCfdy. 

It dissolves readily in hydrate of ammonium and in most 
other ammonium salts. 
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The Phosphate is produced by the action of phosphate of 
sodium : it is a white precipitate. 

Its formula is probably CdjPO^. 

It is insoluble in water. 

The other reagents of the present and three preceding sub- 
divisions produce no characteristic reactions in solutions of cad- 
mium salts. 

The chief methods employed for the detection of cadmiimi are 
these, — ^the formation of the red-brown incrustation on charcoal, 
and the precipitation of the hydrate, readily soluble in ammonia^ 
and of the brilliant yellow sulphide, insoluble in alkaline sulphides. 

SALTS OF COPPEB, 

The metal copper presents some analogy with cadmium, dif- 
fering, however, from it, among other characters, in forming two 
distinct and well-defined series of salts, the cuprous and cupric 
salts, of which the oxides Cu^O and CUjO, and the chlorides 
Cu^Cl and Cud may be considered as representatives. 

Salts of copper when heated are converted into the oxide 
(CUjO), and before the blowpipe on charcoal may be reduced to 
the metallic state with the flame alone, although the reduction 
of the oxide may be much more readily effected if it be heated 
with carbonate of sodium. In this and in all cases in which 
it is sought to reduce a metal in order to ascertain whether the 
operation has been successful or otherwise, it is better to remove 
the mass from the charcoal, to powder it finely in a mortar, to 
stir up the powdered mass with water, and to allow the mixture 
to rest in order that the metallic particles may settie. Lastiy, 
the liquid is to be poured off while it still holds the impurities 
present in suspension, and the agitation with fr^sh quantities of 
water, and decantation, to be repeated until the metalHc particles 
are at length obtained perfectiy pure and free from the char- 
coal, &c. which at first obscured their presence and rendered it 
doubtful. By this process, also, the malleability or brittieness 
of the metal under examination can be ascertained ; for if, under 
the pestle, the globule of metal flattens out into a lamina, it may 
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be pronounced malleable ; and if, on the contrary, it is found to 
have been broken into minute fragments or powder, it must be 
considered brittle. Copper salts, when heated upon charcoal, 
give no incrustation, since neither copper nor its oxides are 
perceptibly volatile at the temperature employed; nevertheless 
many copper salts are sufficiently volatile to impart a pure 
green colour to flame. Nitrate of cobalt gives no reaction with 
cupric oxide. "When heated tuith borax on a platinimi wire, 
salts of copper give in the oandizing flame a bead which is of a 
fine green colour while hot, and blue when cold, whilst, in the 
reducing fl^tme, it becomes aA fi/rst colourless, on account of the 
reduction of the cupric to the cuprous salts, or, if fully saturated, 
a brick-red bead is obtained on cooling. Copper salts are poison- 
ous. Cuprous salts are either colourless or red ; cupric salts are 
green, or if anhydrous, white : the former are converted into the 
latter on exposure while moist to the air, or to the action of 
such oxidizing substances as nitric acid, &c. 

The metals iron, zinc, and cadmium precipitate copper from 
cupric salts ; the two latter, however, precipitate a copper con- 
taining zinc or cadmium. Tin and lead also precipitate copper 
from some cupric salts ; and bismuth also, at the boiling tem- 
perature, precipitates a very impure metal. The presence of 
copper is frequently ascertained by immersing metallic iron in a 
solution of a copper salt. 

CUPROUS SALTS. 
DI- OB SUB-SALTS OF COPPER. 

Solutioii for the reactions: — cuprous chloride (CU2CI) in hydrochloric 
acid. 

The principle insoluble salts by means of which the cuprous salts are re- 
cognized are these, — ^the hydrate, the sulphide, the ferrocyanide, and the 
ferricyanide. 

Many of the cuprous salts, such as the oxalate and the phosphate, either 
do not exist, or split, at the moment of their formation, into metallic copper 
and the corresponding cupric salt. 

The Chloride is obtained by the action of stannous chloride (Snd) on a 
solution of cupric chloride (CuCl), when the following reaction takes 

place: — 

2Cua-hSnCl=Cu2Cl-hSnCl,. 
cup. chlor. 
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This salt may also be prepared by boiling metallio copper with an add solu- 
tion of cupric chloride. It is a white powder, which may, however, be 
crystallized from its hydrochloric acid solution. It slowly becomes green 
on exposure to the air. 

Ql?he formula of this salt is Cu^ CI. 

It is nearly insoluble in water, but easily soluble in hydrochloric acid, 
yielding a brown solution, from which a liu*ge volume of water precipitates 
the greater part of the salt; it dissolves also in hydrate of ammonium, 
giving a colourless solution which rapidly becomes blue on exposure to the 
air, a cupric salt being formed, and oxygen absorbed. 

The Iodide is produced by the action of iodide of potassium on solution 
of cuprous chloride; also, it is said, by precipitating a cupric salt with 
iodide of potassium, iodine being liberated, thus — 

It is a brown-red powder. 

Its formula is Cu^I. 

It is somewhat soluble in hydrochloric add. 

Ths Chbomatb is unknown. 

The Cyanide is produced by the action of cyanide of potassium on solu- 
tions of cuprous salts : it is a white curdy prodpitate. 

Its formula is Cu^Cy. 

It dissolves in the hydrate and in many other ammonium salts ; it dis- 
solves also in strong hydrochloric add, but is insoluble in warm dilute sul- 
phuric add. 

The Hydrate is produced by the action of hydrate or carbonate of po- 
tassium upon solutions of cuprous salts : it is an orange-yellow powder. 

Its formula is that of an oxyhydrate, in which the oxide (Cu2)2 pre- 
dominates. 

It is soluble in hydrate of ammonium, yielding a colourless solution if the 
air be exduded ; it is said to dissolve in almost all adds, even in the weakest, 
without suffering a profound change, for such solutions still afford cu- 
prous salts by double decomposition. This hydrate is, however, only 
thus soluble in adds when moist, but when anhydrous, is at once decom- 
posed by them. 

The Sulphide is produced by the action of hydrosulphuric add on 
add, neutral, or alkaline solutions of cuprous salts; it is a black pre- 
dpitate. 

Its formula is Cu^S or (Cu2)2S. 

It dissolves with difficulty in strong boiling hydrochloric add, but is at 
onoe decomposed by cold nitric add into cupric nitrate and cupric sul- 
phide ; after ebullition with nitric add, of course, all the copper exists in the 
{(mn of cupric nitrate. 

The Sulphate does not exist The Carbonate is not known. 

The Oxalate is produced by the action of oxalic add or oxalate of po- 
tassium : it is a white powder, which changes after a time to a blue-green. 



160 CHEMICAL BEACTIONS. 

Its formula is not known. It dissolves readily in the hydrate and car- 
bonate of ammonium, but to a slight extent only in other ammonium 
salts. 

The Fereocyanidb is produced by the action of ferrocyanide of potas- 
sium on solutions of cuprous salts : it is a white flaky precipitate, which 
becomes reddish brown from conyersion into the corresponding cupric 
salt 

Its formula is (Cu.^).^ Cfy. 

It is soluble in the hydrate, but not in other ammonium salts. 

The Ferricyanide is produced by the action of ferricyanide of potassium 
upon solutions of cuprous salts. It is a red-brown precipitate. 

Its formula is (002)3 ^^7' 

It dissolyes readily in the hydrate, but is insoluble in other ammoniimi 
salts. 

The other special tests of the present and three preceding groups exert no 
characteristic or well-defined action on solutions of cuprous salts. 

The means usually employed for the detection of cuprous salts are these, — 
the formation, and behayiour with ammonia water of the insoluble chloride, 
and the precipitation of the iodide, hydrate, and sulphide. 



CUPBIC SALTS. 

Solution for the reactions: — cupric sulphate (CUjSO^) in 
water. 

The chief insoluble salts by means of which copper, in this 
form of combination, is recognized are these, — ^the chromate, the 
cyanide, the hydrate, the oidde, the sulphide, the carbonate, the 
oxalate, the ferrocyanide, and the phosphate. 

The Chlobide is soluble. 

The Iodide does not exist. A cupric salt, with iodide of po- 
tassium, yields cuprous iodide and free iodine. 

The Chbomate is produced by the action of chromate of po- 
tassium upon solutions of cupric salts. It is a dull yellowish 
brown precipitate. 

Its formula is probably CuCrOjj. 

It dissolves in hydrate of ammonium, forming a green solution, 
and is readily soluble also in dilute nitric acid. 

The Cyanide is produced by the action of cyanide of potassium 
on solutions of cupric salts. It is a brownish yellow precipitate, 
which decomposes spontaneously, at ordinary temperatures, into 
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cyanogen gas (CN) and a combination of cuprous and cupric 
cyanide (Cu^Cy, CuCy). 

Its formula is CuCy+aq. 

It is readily dissolved by excess of its precipitant. 

The Hydrate is produced by the reaction of equivalent quan- 
tities of a cold solution of hydrate of potassium or ammonium, 
and of a cold solution of a cupric salt. If the precipitant be de- 
ficient in quantity, a green basic salt is precipitated. The hy- 
drate is a flocculent blue precipitate. 

Its formula is CuHO. 

This precipitate is somewhat soluble in excess of hydrate of 
potassium, from which solution it is completely reprecipitated by 
ebullition, in the form of the black or cupric oxide (CUjO) ; it is 
also readily soluble in hydrate of ammonium, forming a deep blue 
solution. The state in which the copper exists in this ammo- 
niacal solution is very remarkable. The metal is believed to 
have replaced part of the hydrogen in the compound molecule 
NH^, and to constitute a new compound basic radical, known 
as cuprammonium (NHjCu). Other similar compound radicals 
have been obtained, in the form of salts ; and in them two or 
more equivalents of the hydrogen in ammoniimi have been re- 
placed by copper. When the cupric miphate is treated with 
hydrate of ammonium, it is the sulphate of cuprammonium* that 
is formed ; and so with other salts. 

The (hdde is produced by the action of a boiling solution of 
hydrate of potassiimi on solutions of cupric salts, or by boiling 
the hydrate with hydrate of potassium. It is a granular-black 
precipitate. 

Its formula is CUjO. 

It is readily soluble in hydrochloric, sulphuric, or nitric acid. 

» The formula of this salt isf NlNrHN | | ,S04+aq;fop it istobe 



K^[^(i)]); 



obeeryed that these compound ammoniums are rendered still more complex 
by fhe cuprammonium itself replacing 1 eq. of hydrogen in ordinary am- 
monium (NH4). 
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The Sulphide is produced by the action of hydrosulphuric acid 
on solutions of cupric ssdts, whether alkaline, neutral, or acid. It 
is precipitated in black flakes, which, when exposed to the air, 
absorb oxygen, passing into cupric sulphate. 
-Its formula is C\ S. 

It is insoluble in the hydrates of potassium, sodium, or am- 
monium, and in the sulphides of potassium and sodium, but 
dissolves slightly in sulphide of ammonium; it is soluble in 
cyanide of potassium. Concentrated boiling hydrochloric add 
dissolves it slowly, with evolution of hydrosulphuric acid, — ^while 
nitric acid decomposes it more readily, with separation of sulphur, 
and formation of sulphuric acid and of cupric nitrate. 

The Sulphate is soluble. 

The Cabbonate is produced by the action of carbonate of 
potassium on solutions of cupric salts ; it is a greenish blue pre- 
cipitate, which, by boiling, is converted into cupric oxide. 

Its formida is that of a mixed carbonate and hydrate, CUgCO,, 
CuHO. 

It 19 slightly soluble in excess of its precipitant, forming a 
bluish solution ; in excess of carbonate of ammoniimi it dissolves 
perfectly, forming a deep blue solution (containing a salt of 
cuprammonium) : the carbonate dissolves also in other ammonium 
salts ; it is soluble in cyanide of potassium, is insoluble in water, 
but dissolves readily in acids, with decomposition. 

The Oxalate is produced by the action of oxalic acid, or of the 
alkaline oxalates, not added in excess (to avoid the formation of 
soluble double salts), on cupric salts. It is a pale blue precipitate. 

Its formula is CUaCaO^+aq when dried at 100° C. ' 

It dissolves in excess of alkaline oxalates, in hydrate or car- 
bonate of ammonium, but is insoluble, or but slightly soluble, in 
other ammonium salts. It is insoluble in water or in oxalic add, 
but soluble in hydrochloric acid. 

The Ferrocyanide is produced by the action of ferrocyanide of 
potassium : it is a flocculent precipitate of a flne brownish red 
colour. 
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Its formula is CujCfy. 

It is insoluble in ammonium salts, also in water and in most 
acids ; but it is soluble in concentrated sulphuric acid, and repre- 
cipitable from the solution by water. 

The Feeeictanide is produced by the action of ferricyanide 
of potassium on cuprio salts: it is a greenish-yellow preci- 
pitate. 

Its formula is believed to be CUgCfdy. 

It dissolves in hydrate and carbonate of ammonium ; but it is 
insoluble, or nearly so, in other ammonium salts. 

The Phosphate is produced by the action of phosphate of 
sodium : it is a greenish blue precipitate. 

Its formula is probably Cuj PO^. 

It dissolves but slightly in ammonium salts, is insoluble in 
water, but dissolves in almost all acids. 

The other special tests of the present and three preceding 
groups are without well-defined action on solutions of cupric 
salts. 

The means chiefly employed for the recognition of cuprio salts 
are the precipitation of the black oxide, the sulphide, and the 
ferrocyanide. The blue colour of the ammoniacal cupric com- 
pounds is also very characteristic of these salts of copper. 

SALTS OP SrLVEB, 

The salts of silver bear some resemblance to those of copper, — 
the principal points of resemblance being the formation of two 
series of salts, and the existence of similar relations in the case 
of both metals to the compound basic radical ammonium. The 
di- or sub-salts of silver, or argentous salts, are not by any means 
so numerous or well-deflned as the cuprous salts ; and indeed the 
argentous oxide (Ag^O) is almost the only well-known member of 
the series, — ^a series which is quite unimportant in an analytical 
point of view, and which we do little more than mention. The 
argentic salts will be described at length ; and of them the ar- 
gentic oxide (AgjO) and the argentic chloride (AgCl) may be 
considered typical. Silver salts are poisonous, but are occasion- 
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ally employed in medicine : their taste is generally nauseous and 
metallic ; some, however, are excessively sweet. 

Salts of silver, when heated before the blowpipe on charcoal^ 
are reduced very readily to the metalHc state, and still more 
readily in the presence of carbonate of sodium ; they furnish no 
incrustation upon the charcoal, nor do they impart any colour to 
the flame. When heated with borax, an opalescent or milk-white 
bead is produced : in the reducing flame the glass becomes grey 
from the reduced silver disseminated through it; the borax af- 
terwards becomes clear, the metal running into a globule, 
which then aUoys with the platinum wire. With this and many 
subsequent metals this experiment is not usually tried, as it 
famishes no decisive result except the destruction of the pla- 
tinum wire ; if the experiment be performed, it may be done on 
charcoal. 

Iron, zinc, cadmium, lead, and tin precipitate metallic silver 
from most soluble salts of that metal, and very generally, when 
placed in contact with insoluble silver salts, equally effect their 
reduction, the silver appearing as a grey, brown, or black mass, 
usually spongy (see p. 60). Copper reduces silver in the form of 
minute spangles, while mercury forms an alloy with it. Other 
metals, as bismuth, antimony, and arsenic, also reduce silver, but 
less effectively. Many salts also, the metal of which has a ten- 
dency to pass into another and higher stage of combination, exert 
a similar action : ferrous sulphate and stannous chloride are ex- 
amples of these salts : — 

3(AgN03)+6(Fe, S0,)=3Ag+(Fe,), (N0,X+2([FeJ, [SO J,) ; 

Ferrous sulphate. Ferric nitrate. Ferric sulphate. 

AgNOg + 2SnCl= Ag + SnNOg + SnCl, 

Stannotis chl. Stannic chl. 

AROENTOUS SALTS. 
Dl- OR SUB-SALTS OF SILVER. 

Of these the chloride and the oxide are almost the only examples known. 
The argentous chloride ( Agj CI) is said to be produced by dissolving the cor- 
responding oxide (Ag4 O) in hydrochloric acid ; and by some it is asserted 
to be the grey violet or blue compound produced by exposing argentic chloride 
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(AgCl) to the action of light while in the moist state : the latter is said to 
undergo the following decomposition : — 

2AgCl=Ag2Cl4-Ca. 

ABGENTIC SALTS, OB SILTEB SALTS. 

. Solution for the reactions: — nitrate of silver (AgNOg) in 
water. 

The chief insoluble salts which serve for the recognition of the 
compounds of silver are these, — ^the chloride, the chromate, the 
cyanide, the hydrate, the sulphide, the carbonate, the oxalate, 
the ferrocyanide, the ferricyanide, and the phosphate. 

The Chloride is produced by the action of hydrochloric acid or 
any soluble chloride on solutions of argentic salts ; it is a heavy 
white curdy precipitate, becoming violet and finally black by ex- 
posure to light. It fuses without decomposition, to a yellowish 
red liquid. 

Its formula is AgCl. 

It is soluble in cyanide of potassium, in the chlorides of the 
alkaline and some other metals, also in the alkaline hyposulphites ; 
it dissolves easily in hydrate of ammonium, which, if concen- 
trated, deposits crystalline films of a compound containing chloride 
of silver and ammonia. It is somewhat soluble in concentrated 
hydrochloric acid, but absolutely insoluble in water. In a solu- 
tion of mercuric nitrate (HgNOj) it dissolves. 

The Iodide is produced by the action of hydriodic acid or a 
soluble iodide on solutions of argentic salts. It is a yellow curdy 
precipitate, which becomes of a deeper colour when heated, and 
may be fused at a higher temperature. 

Its formula is Agl. 

It is dissolved to a considerable extent by a concentrated solu- 
tion of the chlorides or iodides of potassiimi or sodium, but is in- 
soluble in water or acids. In hydrate of ammonium it is less 
readily soluble than the chloride or bromide of silver. 

The Cyanide is produced by the action of cyanide of potas- 
sium on solutions of argentic salts: it is a curdy white pre- 
cipitate. 
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Its formula is AgCy. 

It is soluble in excess of its precipitant, and in the hydrate 
and other salts of ammonium ; it dissolves sparingly in boiling 
dilute nitric acid, and is decomposed by the concentrated acids, 
especially on boiling. 

The Chromate is produced by the action of chromate of potas- 
sium on argentic salts : it is a granular precipitate, of a fine dark 
crimson. 

Its formula is AgCrOg. 

It is soluble in excess of its precipitant, also in hydrate of 
ammonium ; it is insoluble in water, but is dissolved by most acids. 

The Hydrate or Oxide is produced by the action of the hydrates 
of the alkaline metals or of barium : it is a precipitate of an olive- 
green colour, changing rapidly to a brown. 

The precipitate at first produced is believed to be the hydrate, 
which rapidly decomposes into water and the oidde, thus — 

2(AgH0)=H,0+Ag,0. 

It is readily soluble in cyanide of potassium and in hydrate of 
ammonium, and sufficiently soluble in water to impart to it a 
perceptible metallic taste and an alkaline reaction; it dissolves 
readily in most acids. Care should be taken, after experimenting, 
to precipitate the ammoniacal solution of argentic oxide which 
has been obtained, with hydrochloric acid (with formation of 
argentic chloride), since fvlminating silver is occasionally de- 
posited from it, although it generally decomposes with separation 
of metallic silver. The three formulae, NAgg, NAgH^, and 
NAgHa, have been assigned by different chemists to the body 
termed fulminating silver. 

The Sulphide is produced by the action of hydrosulphuric acid 
on alkaline, neutral, or acid solutions of silver salts : it is a black 
precipitate. 

Its formula is Aga ^' 

This salt is insoluble in cyanide of potassium and in hydrate of 
ammonium, which are the solvents for most silver salts; it is 
also insoluble in alkaline sulphides, in water, and in dilute acids : 
it dissolves in concentrated sulphuric and nitric acids. 
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The Sulphate is produced by the action of the alkaline and 
other soluble sulphates, and of sulphuric acid, upon strong solu- 
tions of silver salts : it is a white crystalline precipitate. 

Its formula is Ag^ SO^. 

This is by no means an insoluble salt, 1 part dissolving in 87 
parts of water ; it is more soluble in nitric acid, and still more so 
in concentrated sulphuric acid, from which solution it is partly 
precipitated by the addition of water. 

The Carbonate is produced by the action of the neutral or acid 
carbonate of potassium : it is a white precipitate, which rapidly 
assumes a yellowish buff colour. 

Its formula is Ag^ COg. 

This salt readily dissolves in cyanide of potassium, and is also 
soluble in the hydrate and carbonate of ammonium. It is in- 
soluble in water, but easily soluble in most acids. 

The Oxalate is produced by the action of oxalic acid on solu- 
tions of argentic salts : it is a white precipitate. 

Its formula is Ag^CaO^; but it contains a little water (2 per 
cent.) mechanically retained. 

It dissolves in the hydrate and carbonate of ammonium, and in 
warm solutions of other ammonium salts ; it is scarcely soluble in 
water, but dissolves in nitric add. 

The Eebbocyanide is produced by the action of ferrocyanide of 
potassium : it is a white precipitate. 

Its formula is Ag^Cfy. 

It dissolves in cyanide of potassium and in hydrate of ammo- 
nium, but is insoluble in other ammonium salts; it dissolves 
partly with decomposition in concentrated sulphuric or nitric 
acids, but is not acted on by other acids, not even by hydrochloric. 

The Fbbkictanide is produced by the action of ferricyanide of 
potassium on argentic salts, or by the action of nitric add on the 
ferrocyanide : it is an orange-yellow precipitate. 

Its formula is AgjCfdy. 

It dissolves in a large proportion of cyanide of potassium, and 
easily in hydrate or in a hot solution of .carbonate of ammonium, 
but not in other ammonium salts. 
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The Fhosphate is produced by the action of phosphate of sodium 
(Na, HPO^) on solutions of argentic salts : it is a brilliant lemon- 
yellow precipitate. 

Its formula is Agg PO^, 

It is insoluble in water, but dissolves in cyanide of potassium, 
also in hydrate of ammonium, but less easily in other ammonium 
salts ; in most acids it dissolves readily. 

The other special tests of the present and three preceding sub- 
divisions exert no characteristic action upon solutions of argentic 
salts. 

The reactions usually employed for the detection of argentic 
salts are these, — the formation of the insoluble chloride, chromate, 
oxide, and phosphate, and the general solubility of these salts in 
hydrate of ammonium. 

SALTS OF MEBCUBY. 

Salts of this metal possess some features in common with those 
of silver, but at the same time are characterized by such pecu- 
Harities of their own as to render their detection very easy. 
Mercury, like copper and silver, enters into a compound ammo- 
nium ; and it also forms, like those metals, two series of salts, 
the mercurous and mercuric : the salts of both these series are 
generally colourless when neutral, unless the acid-radical is 
coloured, and of a yellow tint when basic. The mercurous salts 
are both more numerous and more important than the correspond- 
ing compounds of the two preceding metals. The formula of 
mercurous oxide is Hg^O, and of mercurous chloride Hg^d, 
while mercuric oxide is represented by the expression Hg^O, and 
mercuric chloride by HgCl. 

The metal itself being volatile, all its salts are necessarily either 
volatile or decomposable by heat ; and consequently the ordinary 
blowpipe examination, by which metallic compounds are often 
recognized, fails in this instance. This volatility furnishes, how- 
ever, the best method for the detection of mercury when the 
following plan is adopted. The mercury salt is mixed with about 
three or four times its bulk of dry carbonate of sodium (NajCOg), 
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and the miztore mtrodoced into a nanow tube (a) made of 
Iiard glass free firom lead, and having a small Btout bulb at its 
lower end ; the mixture should occupy about the Fjg_ 9^ 

space shown at A in the figure. The bulb and its 
contents are then heated strongly before the blow- 
pipe, when the following decompositions take 
place: — 

2(Hga)+Na,C0,=2(Naa)+Hg,C0„ and 
Hg,CO,=i 2Hg + CO. + 0. 
The mercury condenses about B in figure b, a 
distinct metallic globules if an appreciable quan- mmai »n um inu. 
tity of mercury were present, or, if the quantify At a i> > din, 
were very minute, as a grey sublimate, the par- * '"'*' 
tides of which may be easily collected into obvious globules by 
cutting the tube off below B, and inserting and turning round, 
in the tube cnt off, a splinter of wood, 

Mercury compounds may also he recognized when in solution 
by adding to the liquid a few drops of hydrochloric acid to ori- 
ginate the action ; and then by immersing in the mixture a few 
fragments of Gopi>er foil, and boiliug, the mercury is depomted 
npon the ci^per, thus — 

HgQ -|-Cu=CuCl+ Hg. 
In the foregtong experiment the presence of nitric add should 
be av<»ded, as it would dissolve all the mercury which would 
otherwise be liberated. The strips of copper used, when quite 
dry, may be placed in a narrow tube and strongly heated, when 
the mercury will volatilize and condense in the upper part of the 
tabe in the form of the usual grey sublimate. 

Uercurons salts in solutiou are not acted on by iron, but are 
decomposed with separation of metallic mercury by zinc, cadmium, 
copper, lead, and bismuth, though at the commencem^it of the 
action a white or yeUow predpitate is formed, consisting of a 
bade salt. Tin, antimony, and oisenic act less perfectly, while 
fenxms sulphate and stannous chloride act upon mercuroos salts 
as they do upon those of silver. Upon solutions of mercuric salts 
the metals above mentioned act much in the same msnner, but 
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more slowly, usually at first reducing the mercuric to tlie mer- 
curous salt. 

The salts of mercury exert a very deleterious action upon the 
animal oeconomj ; they are employed in medicine. 

MEBCUBOrS SALTS, OB DI- OB SUB-SALTS OF MEBCUBY. 

Solution for the reactions: — ^mercurous nitrate (Hg^NOg) in 
water. 

The principal insoluble salts of this series are these, — ^the 
chloride, the chromate, the oxide, the sulphide, the carbonate, the 
oxalate, the ferrocyanide, the ferricyanide, and the phosphate. 

The Chloride is produced by the action of hydrochloric acid or 
soluble chlorides on solutions of mercurous salts. It is a dense 
white precipitate. 

Its formula is Hg^Cl. 

It is insoluble in the hydrates of potassium and ammonium, 
but is decomposed by them with formation of oxide ; it is very 
trifiingly soluble in the chlorides of the alkaline metals. It does 
not perceptibly dissolve in cold hydrochloric or nitric acid ; but it 
is dissolved by these acids after long boiling. It is easily soluble 
in nitrohydrochloiic acid or in chlorine water, with formation of 
mercuric chloride. 

The Iodide is produced by the action of hydriodic acid or 
iodide of potassium upon solutions of mercurous salts, or by tri- 
turating an insoluble mercurous salt (Hg^Cl for instance) with 
those reagents. It is a dull-green powder. 

Its formula is Hg, I. 

With excess of its precipitant it decomposes into mercuric 
iodide (Hgl) and mercury ; many other bodies which exert no 
solvent action act similarly. Boiling concentrated solutions of 
the chlorides of sodium and ammonium dissolve mercurous iodide 
to a slight extent. It is almost insoluble in water and adds. 

The CrANiDE does not exist. 

The Chromate is produced by the action of chromate of potas- 
sium on mercurous salts ; it is a precipitate of a bright red colour, 
turning black by exposure to light. 
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Its composition is that of a basic salt ; if boiled in nitric acid 
it is converted into the neutral chromate HgjCrOj,. 

It dissolves sparingly in ammonium salts ; it is slightly soluble 
in cold water, but more so in boiling water ; it also perceptibly 
dissolves in nitric acid. 

The (hdde is produced by the action of hydrate of potassium* 
on solutions of mercurous salts : it is a precipitate of a brownish- 
black colour. 

Its formula is Hg^O, which, like other oxides of the same type, 
is perhaps more intelligible when written (Hg^^O. 

This salt is decomposed either by ebullition with its precipitant, 
or with solutions of many other salts, or even with water only, 
into mercuric oxide (Hg^O) and mercury. 

The Sulphide is produced by the action of hydrosulphuric acid 
upon alkaline, neutral and acid solutions of mercurous salts ; it is 
a black precipitate. 

Its formula is Hg^ S, which may be written (Kg^X B. 

When boiled with water or with solutions of various salts, it 
exhibits a similar tendency to that shown by the oxide, in dividing 
into mercuric sulphide (Hg,, S) and metallic mercury. It is in- 
soluble in sulphide of ammonium, but decomposed by sulphide of 
potassium into mercuric sulphide, which dissolves, and metallic 
mercury, which separates; it also behaves in a similar matter 
with hydrate of potassium. In dilute acids and in concentrated 
nitric add it is insoluble ; but it is dissolved by nitrohydrochloric 
add. 

The Sulphate is produced by the action of sulphuric acid or 
sulphate of sodium on mercurous salts (such as the nitrate) : it 
is a heavy white crystalline precipitate. 

Its formula is (Hg,), SO^. 

* When hydrate of ammonium acts upon Bolutions of mercurous ealte, a 
black compoimd is formed similar in constitution to the compounds con- 
taining copper or silver formed in the same way. In the case of the mer- 
curous salts, however, the compound ammoniums are generally insoluble; if 
mercuric nitrate be employed, the following reaction takes place : — 

3(HgaN03)+3(NH,HO)=2(NH,N03)+3H,0-l-NH(Hg,)3,NO,. 

i2 
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It dissolves in dilute nitric acid, from which solution it is 
precipitated by dilute sulphuric acid : it is very sparingly soluble 
in water; in hot concentrated sulphuric acid it dissolves, but 
crystallizes on cooling. 

The Gabbonate is produced by the action of carbonate of 
potassium ; it is a yellow precipitate. 

It formula is (Hg,),C03. 

This salt decomposes spontaneously into mercurous oxide 
([HgjJjO) and the gas COj, ; it is slightly soluble in excess of its 
precipitant and in many acids. 

Carbonate of ammonium produces in mercurous solutions a grey 
or black precipitate, which probably has a similar constitution to 
that of the hydrate of ammonium products. 

The Oxalate is produced by the action of oxaKc acid or oxalate 
of potassium : it is a white precipitate. 

Its composition is (Hga)aC2 0^+aq. 

It is scarcely soluble either in hot or cold water; it is in- 
soluble in oxalic, and in dilute nitric or sulphuric add, but dis- 
solves slightly in the two latter acids when they are concentrated 
and warm. 

The FEEEOCTAinDE is produced by the action of ferrocyanide 
of potassium : it is a dense white precipitate. 

Its formula is not known. 

The Febbictanide is produced by the action of ferricyanide of 
potassium : it is a reddish-brown precipitate. 

Its composition is not known. 

The Phosphate is produced by the action of phosphate of 
sodium : it is a white precipitate. 

Its formula is not weU ascertained ; but it seems to be a mix- 
ture of the mercurous and mercuric salts. 

It is somewhat soluble in chloride of ammonium solution : it 
is insoluble in water and in phosphoric and tartaric acids. 

The other special tests of the present and three preceding 
groups do not give characteristic reactions with mercurous salts 
in solution. 

The tests usually employed for the detection of mercurous 
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salts are these, — ^the precipitation of the chloride, the chromate, 
the oxide, and the sulphide, and the reactions mentioned in the 
preliminary remarks — ^although these are applicable to the detec* 
tion of mercury in any form. 

MEBCTJBIC SALTS. 

Solution for the reactions: — mercuric chloride (HgCl) in 
water. 

The principal insoluble salts by which mercury in this form 
is recognized are these, — ^the iodide, the chromate, the hydrate, 
the sulphide, the carbonate, the oxalate, the ferrocyanide, the 
ferricyanide, and the phosphate. 

The Chlobide is soluble. 

The Iodide is produced by the action of hydriodic add or 
iodide of potassium upon solutions of mercuric salts. It is a 
magnificent scarlet precipitate, known as geranium-colour i a 
modification of this salt exists, which possesses a fine yellow 
tint. 

Its formula is Hgl. 

It is soluble in excess of iodide of potassium, and in mer- 
curic salts, forming colourless solutions; it is very soluble in 
most ammonium salts, and in chloride of potassium, also in 
many adds. 1 part requires 150 parts of cold water for so<^ 
lution. 

The CrANiDE is soluble. 

The Chromate is obtained by the action of chromate of po- 
tassium on solutions of mercuric salts : it is a fine yellow pre- 
cipitate. 

Its formula is that of a basic salt Hg2 0,HgCr02. 

It is soluble in excess of many mercuric salts, and in most 
adds, even in acetic add. 

The Hydrate is produced by the action of hydrate of po- 
tassium* on solutions of mercuric salts : it is a yellow preci- 
pitate. 

* Hydrate of ammonium exerts an action on mercuric salts analogous to 
<liat mentioned in the case of mercurous salts : it yields precipitates, gene- 
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Its formula is HgHO, H^O, although, by many chemists, this 
precipitate is said to be the oxide (Hg^O), into which compound 
the hydrate rapidly passes on drying, or by being kept. 

The hydrate dissolves very sparingly in water, conferring upon 
it a perceptible metallic taste, and an alkaline reaction which 
may be detected by delicate test-papers (prepared with an al- 
coholic tincture of violets) ; it dissolves in those adds which do 
not form insoluble mercuric salts. like the iodide, the mercuric 
oxide exists in two modifications, a yellow and a red, which may 
be distinguished not only by their physical properties, but by 
their behaviour with reagents: oxalic acid, for instance, com- 
bines with the yellow modification in the cold, while with the 
red modification it produces no action. 

The Sulphide is produced by the action of hydrosulphuric 
acid on acid or neutral solutions of mercuric salts: the addi- 
tion of a small quantity of this reagent produces a double salt, 
which is a white precipitate of the formula HgNOg, Hg^ S, w 
HgCl,Hg2S, w Hgj SO^, 2Hga S, according to the acid-radical 
present ; by the addition of more of the precipitant, these salts 
become yellow, orange, brown, and finally black, from their 
conversion entirely into the black mercuric sulphide, which, 
indeed, like the iodide and the oxide, exists also in a red mo- 
fication. 

Its formula is Hg, S. 

It is insoluble in sulphide of ammonium, but dissolves com- 
pletely in sulphide of potassium. It is insoluble in hydrochloric 
or nitric acid, even at the boiling temperature, but dissolves 
readily in nitro-hydrochloric acid, with decomposition. 

The Sulphate, if formed by the double decomposition of neu- 
tral aqueous solutions of («. ^.) mercuric nitrate and sulphate of 
sodium, is immediately decomposed by the water present, espe- 

rallj white, oonBisting of salts of oompound ammoniums, the acid-radioals of 
which are those of the mercuric salts ; thus, with mercuric chloride, — 

2Hga+2(NH4HO) = n|[| a+NH4a+2HaO. 

This oompound was formerly much employed in medidne, and was known 
b^ the name of '* white precipitate." 
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dally on boiling the mixture, with formation of a lemon-yellow 
precipitate, formerly called turbith mineral, the composition of 
which is that of a basic sulphate (Kg^S0^,2lB^g^0]), which 
dissolves in 2000 parts of cold, or 600 of boiling water, but is 
very soluble in acids. 

The Cabbonate is produced by the action of carbonate of 
potassium, or the carbonates of the alkaline earths, on solutions of 
mercuric salts : it is a brownish-red precipitate. 

Its formula is Hg.COg, 3(Hg,0). 

It dissolves sparingly in solution of carbonate of potassiimi, 
and is soluble in chloride of ammonium ; it is also somewhat 
soluble in a solution of carbonic acid. 

The Oxalate is produced by the action of oxalic acid or oxa- 
late of potassium upon mercuric salts : it is a white precipitate. 

Its formula is 'ELg^C^ 0^ + aq. 

It is soluble in chloride of ammonium, and in some other am- 
monium salts, insoluble in water, alcohol, or ether; slightly 
soluble in hot dilute nitric and sulphuric acids, but more soluble 
in those acids when concentrated. 

The Febbocyanide is produced by the action of ferrocyanide 
of potassium : it is a white precipitate, which becomes blue on 
standing. 

The composition of this precipitate is not accurately known ; 
by some chemists it is stated to be simply cyanide of iron 
(FeCy). 

The Eebbicyajtide is produced by the action of ferricyanide of 
potassium on certain mercuric salts, as the nitrate. It is a 
yellow precipitate. 

Its composition is not known. 

The Phosphate is produced by the action of phosphate of 
sodium on certain mercuric salts, as the nitrate. It is a white 
precipitate. 

The formula of the salt dried at 100° C. is Hg^ P^^O^. 

It is soluble in many ammonium salts, insoluble in water and 
alcohol, but dissolves in phosphoric and in hydrochloric acid. 

The other special reagents of the present and three preceding 
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groups exert no definite or characteristic action on solutions of 
mercuric salts. 

The chief reactions made use of for the recognition of mercuric 
salts are these, — ^the formation of the scarlet iodide, of the chro- 
mate, the oxide, and the sulphide, — ^while the mercury they 
contain is readily detected by the same processes as those em- 
ployed in the case of the mercurous salts. 

SALTS OF LEAD. 

The metal lead forms a link between those members of the 
present subdivision which have been already considered, and 
those which are to follow. It forms several combinations with 
oxygen, as the suboxide (Pb^O), the (common) oxide (PbaO), and 
the peroxide (Pb^O,), together with some intermediate oxides. 
The peroxide partakes somewhat of acid characters. The sub- 
oxide of lead, Hke the suboxides of copper and mercury, decom- 
poses under the influence of acids, forming salts of a higher 
series. There are no compoimds of other add-radicals with lead 
corresponding to the peroxide (PbgOj,); and the large dass of 
lead salts may all be referred to the series of which Pb^O is tiie 
oxide. and PbCl the chloride. The salts of lead are poisonous; 
many of them have a sweet taste. 

In general, salts of lead, when heated before the blowpipe on 
charcoal, are converted into the oxide, which is of an orange- 
yellow colour when hot, and yellow when cold ; usually, too, a por- 
tion of the salt is reduced to the metallic state, and this takes 
place immediately, and with the greatest ease, if the substance 
be heated in the reducing flame or with carbonate of sodium. 
In all cases an incrustation of the oxide (Pb^O) is formed upon 
the charcoal at a little distance from the salt, since metallic 
lead volatilizes at a red heat, and the oxide at a white heat. 
Lead salts impart no colour to the flame, nor do they give any 
characteristic reaction with nitrate of cobalt. When fased with 
borax in the oxidizing flame, a dear yellowish glass is obtained, 
which remains transparent when cold, unless great excess of 
lead salt has been introduced; in the reducing flame metallic 
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lead separates : this experiment should be performed on char- 
coal^ to avoid the destmction of the platinmn wire. 

Salts of lead are decomposed by iron^ the lead being deposited 
in an arborescent form ; the same effect is produced more rapidly 
by zinc, cadmium, and tin. 

PLUMBOUS SALTS, OB DI- OB SUB-SALTS OF LEAD. 

The only salts of this series which seem to exist are the oxide (Fb^O), 
and perhaps the sulphide (Fb^ S) : the former is produced by heating plumbic 
oxalate out of contact with the air, and the latter by igniting plumbic sulphate 
in a charcoal crucible. Dilute acids resolve plumbous oxide into plumbic 
salts and metallic lead. 

PLXTHBIC SALTS, OB LEAD SALTS. 

Solution for the reactions: — plumbic nitrate (PbNOj) in 
water. 

The principal insoluble salts of this series are the chloride, the 
iodide, the chromate, the sulphide, the carbonate, the oxalate, 
the sulphate, the ferrocyanide, and the phosphate. 

The Chloride is produced by the action of hydrochloric add, 
or soluble chlorides, on solutions of lead salts : it is a white pre- 
cipitate, which crystallizes in the form of six-sided prisms. 

Its formula is PbCl. 

It is very soluble in the hydrate of potassiimi, and somewhat 
80 in solutions of alkaline hyposulphites and of acetate of so- 
dium : it dissolves in 135 parts of water at 12^*5 C. ; but in water 
containing certain salts, as chloride of calcium, it is less soluble : 
it is much more soluble in boiling than in cold water. It is 
very sparingly soluble in alcohol ; of hydrochloric acid, cold and 
dilute, 1 part of plumbic chloride requires 1636 parts for solution, 
while in dilute nitric acid it is but very slightiy soluble. Concen- 
trated hydrochloric acid dissolves this salt abundantiy. 

Several compounds of chloride with oxide of lead are known ; 
they are prepared by precipitating hot solution of chloride of 
lead with the hydrates of ammonium or calciimi. They vary 
much in composition : the formulae 2PbCl, Pb^O ; 2PbCl, TPb^O ; 
and Pbd, Pbj,0 have been assigned to three of these compounds. 

i6 
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When a hot solution of chloride of lead is acted on by lime- 
water (GaHO) a mixed chloride and hydrate is produced^ having 
the formula PbCl, PbHO. 

The Iodide is produced by the action of hydriodic add^ or a 
soluble iodide, on solutions of lead salts : it is a golden- coloured 
crystalline precipitate. 

Its formula is Pbl. 

It is soluble in chloride of ammonium solution, especially 
on boiling; and it also dissolves in concentrated solutions of 
most soluble chlorides or iodides; it is insoluble, however, in 
hydrate of ammonium and other ammonium salts generally. 
1 part dissolves in 1235 parts of cold, or 194 parts of boiling 
water. It is slightly soluble in ether, and dissolves somewhat 
more easily in nitric acid. 

The Ghromate is produced by the action of chromate of potas- 
sium on solutions of lead salts : it is a pale yellow, lemon-yellow, 
or orange precipitate. 

Its formula is PbCrOj. 

This salt is slightly soluble in excess of its precipitant, and 
dissolves readily in hydrate of potassiimi ; in chloride of ammo- 
nium solution it is insoluble ; in water also it is insoluble, but 
is decomposed by hydrochloric and sulphuric acids; in dilute 
nitric add it dissolves slowly without decomposition. 

The Cyaitedb is produced by the action of hydrocyanic add, or 
soluble cyanides, upon many lead salts: it is a white pre- 
dpitate. 

Its formula is PbCy. 

It is soluble in hot solutions of chloride of ammonium and of 
some other ammonium salts; it is insoluble, or nearly so, in 
water, but is decomposed by nitric or sulphuric acid, with evolu- 
tion of hydrocyanic add. 

The Hydrate or Oxide is produced by the action of the 
hydrates of potassium or ammonium on solutions of lead salts : 
it is a white predpitate, which, under the microscope, appears 
crystalline, the forms of the crystals varying with the method of 
preparation. 
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Its composition is 2(PbH0), PbjjO ; but it is generally a basic 
salt containing a portion of the acid-radical of the original 
salt. 

This salt is soluble in excess of hydrate of potassium^ espe- 
cialLy on heating, but not in excess of hydrate of ammonium ; 
it is slightly soluble in water, but the presence of saline com- 
pounds diminishes its solubility to a great extent ; it dissolves 
easily in those acids which do not form insoluble lead salts. 
The hydrate of lead is converted into the oxide (Pb^O) by ex- 
posure to a gentle heat. 

The Sulphide is produced by the action of hydrosulphuric 
add on acid, neutral, and alkaline solutions of lead salts. It is a 
black precipitate, although, under certain circumstances, and 
especially by the action of pentasulphide of sodium (Na^ S^), a 
bright red precipitate is obtained, which may, however, be a 
higher sulphide than the ordinary black precipitate. 

The composition of the black sulphide is Pb^ S. 

It is insoluble in alkaline sulphides, and in hydrate or 
cyanide of potassium ; in cold dilute acids it is insoluble ; but in 
strong boiling nitric acid it dissolves, with separation of sulphur, 
and in the filming concentrated nitric acid it is converted into 
plumbic sulphate (Pb^SO^). It dissolves in boiling concen- 
trated hydrochloric add. 

The Sulphate is produced by the action of sulphuric add, or 
soluble sulphates, on solutions of lead salts : it is a white, cry- 
stalline, and heavy precipitate. 

Its formula is Pb^ SO^. 

It dissolves in hot solutions of the chloride and some other 
salts of ammonium ; it is also soluble in a hot solution of hydrate 
of potassium. 1 part of this salt dissolves in 22,816 parts of 
water at 11^ C, and in 36,504 parts of dilute sulphuric acid ; in 
dilute adds it is but sHghtly soluble, dissolving, however, in 
larger proportion in concentrated acids, especially in sulphuric. 

The Casbonate is produced by the action of the carbonates 
of potassiimi or ammonium on lead salts : it is a dense, white, 
crystalline predpitate. 
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Its formula is Pb^CO, wlien precipitated in the cold ; if the 
liquid be boiled, the salt is a mixed hydrate and carbonate. 

It is very soluble in hydrate of potassium, and somewhat 
soluble in solutions of ammonium salts ; 1 part requires 50,651 
parts of water at 15° C. for its solution. It dissolves with de- 
composition in those adds which form soluble lead salts. 

The Oxalate is produced by the action of oxalic acid or alka- 
line oxalates on solutions of lead salts : it is a white crystalline 
precipitate. 

The formula of the salt dried at 140° C. is Pb^CaO^. 

It dissolves in hot solutions of chloride of ammonium and 
of many other ammonium salts, the hydrate and carbonate ex- 
cepted ; it is insoluble in water, very sparingly soluble in oxalic 
acid solution, dissolving more freely in nitric acid. 

The Febbocyanide is produced by the action of ferrocyanide 
of potassium on solutions of lead salts: it is a white preci- 
pitate. 

Its composition is PbgCfy+l^aq. 

It is partly soluble in hot hydrate of ammonium, and per- 
fectly in hot chloride of ammonium; in water it is insoluble; 
by sulphuric acid it is decomposed and slowly dissolved. 

The EEEBiCYAionE is comparatively soluble: it occurs tn 
transparent brownish-red crystals. 

The Phosphate is produced by the action of phosphate of 
sodium : it is a white precipitate. 

This precipitate is a mixture of the two phosphates Pbj PO^ 
and Pb, HPO,. 

It dissolves in chloride of ammonium solution, but is repre- 
cipitated by the addition of hydrate of ammoniiun ; it dissolves 
in hydrate of potassium ; it is insoluble in water, but soluble 
in nitric acid; it is decomposed by hydrochloric or sulphuric 
acid. 

The other special reagents of the present and three preceding 
groups are without characteristic action on solutions of lead 
sall^. 

The tests usually employed for the detection and recognition of 
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lead salts are these, — the formation of the chloride^ iodide, chro- 
mate, sulphide, and carbonate, and the reactions of lead com- 
pounds before the blowpipe. 

SALTS OF BISMUTH. 

The salts of bismuth bear certain resemblances to those of 
lead, although, in many particulars, they difGer much &om them. 
Bismuth forms several combinations with oxygen: — ^the sub- 
oxide, the composition of which is not accurately known ; the 
oxide which is usually met with, Bi^O, ; an intermediate oxide ; 
and, lastly, the oxide Bi^Og, which is frequently called anhy- 
drous bismuthic acid. The formula of the bismuthic chloride 
(BiCl,), and that of the corresponding oxide (Bi^Oj) may be 
taken as typical of the salts of bismuth, which may be termed 
proto-salts, and in reality correspond to the general formulae 
which we have found to represent the lai^r number of the 
series of salts already treated of ; for the metal bismuth is here 
" triatomic," that is, it corresponds to 3 equivalents of a mona- 
tomic (or monobasic) element, such as hydrogen (or chlorine), and 
to 1 equivalent of a tribasic radical, such as the phosphoric acid- 
radical (PO^). In combining with biatomic or bibasic bodies, 
2 equivalents are equal or correspond to 6 equivalents of hy- 
drogen, and therefore to 3 equivalents of the biatomic molecules, 
^-oxygen or the sulphuric radical (SO^). Bismuthic chloride then 
corresponds to 3 equivalents of hydrochloric acid, and the oxide 
to 3 equivalents of water, — a fact which is perhaps more clearly 
shown by the following formulsB : — 
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We have been thus particular in explaining the constitution of 
the salts of bismuth previously to giving the full details concern- 
ing those of them with which we are at present concerned, in 



182 CHEMICAL EEACnoKS. 

order that the student may see at a glance the relations of their 
formnlse to those of the corresponding salts of other metals. 

When heated before the blowpipe on charcoal and in the 
oxidizing flame, bismuth salts generally fiise to a brown mass, 
which, upon cooling, becomes pale-yellow; this is the oxide 
(Bi^Og) ; in the reducing flame, globules of metallic bismuth are 
speedily produced, more easily in the presence of carbonate of 
sodium : in all cases the surroimding charcoal becomes covered 
with an incrustation of the oxide. This incrustation is more 
conspicuous when carbonate of sodium has been mixed with the 
bismuth salt under examination, on account of the volatility of 
metallic bismuth being greater than that of the oxide. Bis- 
muth salts impart no colour to the blowpipe flame, nor do they 
yield any characteristic reaction with nitrate of cobalt. When 
fiised with borax, a clear glass is obtained in the oxidizing flame, 
which is yellow whilst hot, and colourless when cold, the colour 
deepening as the amount of bismuth is increased ; in the reducing 
flame (the action of which should be tried on charcoal) the bis- 
muth is reduced to the metallic state, and the bead remains dear 
and colourless. 

Bismuth salts exhibit a peculiarity which has already been 
seen to exist with one salt of lead (the chloride [PbCl]), which 
forms an oxychloride under the influence of hydrate of ammo- 
nium. Bismuth salts in general, by the action of water, yield 
salts of a similar character and constitution, to which the name 
oxy-BolU (oxychloride, oxynitrate, &c.) or basic salts (basic chlo- 
ride, basic nitrate, &c.) has been applied : these compounds are 
very insoluble in water, but soluble in excess of acid. Thus 
water precipitates from neutral bismuth salts the corresponding 
basic or oxy-salts, — ^whilst in the solution an acid salt remains, 
or sometimes the original salt in smcdl quantities together with 
a portion of free acid. Disregarding those smcdl portions of the 
original salts which remain dissolved and precluded from decom- 
position by the acid produced in the reactions, the following 
equations represent the action of water upon the chloride and the 
sulphate of bismuth respectively : — 
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3BiCl3+3H,0=BiCl3, Bi,03 + 6HC1; 

oxjchloride of Bism. 

2(Bi,[S0,],)+3H,0=Bi,(80,)., Bi,0.+3H, SO. ; 

oxysulphate of Bism. 

and even the nitrate (nitrates are generally the most soluble of 
aU salts) is decomposed in a similar manner, but a mixed hydrate 
and nitrate is in this case formed — 

3(Bi[N0,].) + 6H,0= Bi(FO,)„ 2(BiH,0,) + 6HN0,. 

mixed hydrate and 
nitrate of Bism. 

These precipitates, insoluble in water, are readily dissolved by 
acids. 

The metal bismuth is precipitated from its salts quickly and 
completely by iron, zinc, cadmium, and tin, and appears as a dark 
grey powder : this reduction is also effected by lead and copper ; 
but the action is slow unless accelerated by heat. 

BISMUTH SALTS, OB BISMTTTHIC SALTS. 

Solution for the reactions : — chloride of bismuth (BiClg) in dilute 
hydrochloric add. 

In addition to the insoluble oxysalts of bismuth, the under- 
mentioned are the chief compounds of this metal not dissolved by 
water, — ^the chromate, the hydrate, the sulphide, the carbonate, 
the oxalate, the ferrocyanide, and the ferricyanide. 

The Chlobide is soluble in slight excess of hydrochloric add. 

The Iodide is produced by the action of iodide of potassium on 
bismuthic salts : it is a brown crystalline precipitate. 

Its formula is Bilg. 

It is soluble in hydriodic add. 

The Chromate is produced by the action of chromate of potas- 
sium upon solutions of bismuthic salts : it is lemon-yellow. 

Its formula is Bi(CrOa)g. 

It is insoluble in hydrate of potassium or ammonium, very 
slightly soluble in water, but soluble in dilute nitric add. 

The Hydrate is produced by the action of the hydrates of 
potassium or ammonium, and also by the carbonates of barium. 
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calcium, &c., in the cold, on solutions of bismuthic salts : it is a 
white flocculent precipitate. 
Its fonnula is that of the mixed hydrate and oxide (BiHgOg, 

It is insoluble in excess of its precipitants, but readily dis- 
solves in acids. 

The Sulphide is produced by the action of hydrosulphuric add 
on not too acid, or on neutral solutions of bismuthic salts : it is 
a brown-black precipitate. 

Its formula is Bi^ S3. 

It is insoluble in the hydrates, sulphides, or cyanides of po- 
tassium or ammonium, also in dilute acids ; but it is dissolved with 
decomposition by concentrated nitric acid. 

The Sulphate is soluble. 

The Gaebonate is produced by the action of the carbonates of 
potassium or ammonium : it is a white flocculent precipitate. 

Its formula is that of a basic salt, — Bia(C03)3, SBigOg. 

It is somewhat soluble in excess of its precipitants, insoluble 
in water and in solution of carbonic anhydride (CO,), although 
very soluble (with decomposition) in strong acids. 

The Oxalate is produced by the action of oxalic add upon 
solutions of bismuthic salts, and is deposited on standing: it 
separates as a granular crystalline precipitate. 

Its formula is Bij,(CaO^)3+3aq. 

The Febeocyamtde is produced by the action of ferrocyanide 
of potassium on solutions of bismuthic salts : it is a white pre- 
cipitate. 

Its formula is not known. 

It dissolves iu nitric and hydrochloric acids, but is reprecipi- 
tated on the addition of water. 

The FEEEicYANrDE is produced by the action of ferricyanide of 
potassium : it is a light brown precipitate. 

Its formula has not been ascertained. 

The Phosphate is produced by the action of phosphate of 
sodium on solutions of bismuthic salts : it is a white precipitate. 

Its formula would appear to be BiPO^. 
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The other special reagents of the present and three preceding 
subdivisions give no characteristic reactions with solutions of 
bismuthic salts. 

The chief means employed for the detection of bismuth in its 
salts is the precipitation of the oxychloride, which is formed 
whenever a solution of bismuthic chloride is mixed with a large 
quantity of water. This (and so are the precipitates produced 
in a similar way with other salts of bismuth) is a salt which may 
be distinguished from the precipitates formed under the same 
circumstances in solutions of antimony, by being insoluble in 
tartaric acid. The other chief insoluble salts by which bismuth 
is recognized are the chromate, the hydrate, and the sulphide ; 
the blowpipe reactions on charcoal are also characteristic. The 
insoluble bismuth salts, as the chromate, hydrate, or carbonate, 
may be easily distinguished from the analogous salts of lead or 
silver by their being insoluble either in hydrate of potassium or 
hydrate of ammonium. 

SALTS OF PALLADIUM. 

The metal palladium being of far rarer occurrence than the previously 
described members of the present group, its salts have not been so completely 
studied. The characteristics which these salts present differ from those of 
the salts already given, and more closely resemble those exhibited by tin and 
platinum compounds. Palladium forms two series of combinations with acid- 
radicals, the paUadious and the palladic : of the former, palladious chloride 
(PdCl) and palladious oxide (Fd, O) may be considered typical, while, of the 
latter, palladic chloride (FdCl^) and palladic oxide (Pd^O,) are representa- 
tives. Palladic salts have a great tendency to form compounds the add- 
radical of which contains palladium united with chlorine, iodine, &c. ; they 
yield these definite saline combinations with the chlorides and iodides of the 
metals of the first subdivision, as in the following instance : — 

PdCLj+K:Cl=KPdCl3. 

When heated before the blowpipe, palladium salts are reduced with the 
greatest ease either in the oxidizing or reducing flame, the heat alone being 
sufficient to decompose them with formation of metal; owing to the difficult 
fusibilily, however, of this element, no globules are seen, but only a black 
powder : they impart no colour to the blowpipe flame, nor do they give any 
reaction with nitrate of cobalt; when fused with borax, they are readily 
reduced in either flame. 

Palladium salts are reduced by the same metals as effect the reduction of 
silver salts, and also by ferrous sulphate. 
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PALLADIOUS SALTS, OB PB0T0-SALT8 OF FALLADITTM. 

Solution for the reactaons : — ^palladious chloride (PdCl) in water. 

The principal insoluble salts of this series are the iodide, the cyanide, the 
chromate, the hydrate, the sulphide, the oxalate, the ferrocyanide, the ferri- 
cyanide, and the phosphate. 

Thk Chloride is soluble. 

The Iodide is produced by the action of hydriodic add or of iodide of 
potassium on solutions of palladious salts : in very dilute solutions a brownish 
red colour at first appears ; but after some time a black precipitate separates, 
which is the iodide. 

Its formula is Fdl. 

It is insoluble in water, alcohol, or ether ; neither is it dissolved by hy- 
driodic acid. 

The Ctanide is produced by the action of cyanide of potassium, or mercuric 
cyanide, on solutions of palladious salts : it is a yellowish-white precipitate. 

Its composition is said by some to be FdCy ; when precipitated by mercuric 
cyanide the formula 2(FdCy, HgGy)+aq has been assigned to it. 

It is extremely soluble in cyanide of potassium and in hydrate of ammo- 
niiun. It is soluble in hydrochloric add unless very dilute. 

The Chromate is produced by the action of chromate of potassium, but is 
not accurately known. 

The Hydrate is produced by the action of the hydrates of the jjIItrIitia 
metals on solutions of palladious salts ; it is also produced by the carbonates 
of potassium and sodium. 

Its composition is that of a basic salt. 

It is soluble in the hydrates of potassium or ammonium ; it also dissolyes 
in strong adds with the aid of heat. 

The action of hydrate of ammonium on palladious salts varies : with some, 
as the nitrate, it produces no precipitate ; with others, especially the chloride, 
it gives a flesh-coloured precipitate, which is but slightly soluble in water, and 
less so in alcohol, but soluble in excess of its predpitants. This predpitate 

is liTHj PdCl, or liTp^Cl, as it may be written, — e. e. the chloride of paUad- 

ammonium. 

The Sulphide ^ produced by the action of hydrosulphurio add on alka- 
line, neutral, or add solutions of palladious salts: it is a brownish-black 
predpitate. 

Its formula is Pdj S. 

It is insoluble in sulphide of ammonium, but soluble in hydrochloric add. 

The Sulphate is soluble. 

The Carbonate does not exist; for the soluble carbonates predpitate pal- 
ladious hydrate. 

The Oxalate is produced by the action of oxalate of potasdum on solu- 
tions of palladious salts. 
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Its composition is not accurately known. When, however, oxalic acid is 
added to an ammoniacal solution of a palladious salt, a double oxalate is 
produced, having the formula FdNH^O^O^+aq when crystallized in short 
rhombic prisms, and the formula FdNH4 03 04+4aqwhen occurring in long 
needles. 

Tub Fesbocyanidb is produced by the action of ferrocyanide of potassium 
on palladious salts, and is precipitated on standing : it is a yellowish brown 
precipitate. 

Thb Febsictanidb is produced by the action of ferricyanide of potassium : 
it is a red-brown precipitate. 

The Fhosfhatb is produced by the action of phosphate of sodium : it is a 
brown precipitate. 

This precipitate is said to be a basic phosphate. 

The other special reagents of the present and three preceding groups exert 
no characteristic action upon palladious salts. 

The formation of palladious iodide, hydrate, and sulphide, and the reduc- 
tion of the metal before the blowpipe, are made use of in analysis to detect 
palladious salts : the blowpipe reaction is, of course, applicable also to the 
recognition of the palladium in palladic salts. 

PALLADIC SALTS, OB PBR-SALTS OF PALLADIUM. 

Only a few representatives of this series exist ; they are almost confined to 
the chloride (PdCl^) and the oxide (Pd^O,) ; the former gradually gives off 
chlorine, especially on heating, and even when its aqueous solution is boiled, 
and is reduced to palladious chloride (PdCl). When combined with chloride 
of potassium, palladic chloride gives a salt which is very stable ; but the pal- 
ladium in it probably exists in the form of a compound acid-radical (PdClg) : 
this salt crystallizes in brownish-red octahedra. The oxide (Pd^O) may 
be obtained by acting on palladic chloride with the hydrate of potassium. 
The sulphide (Pd, S,) cannot be obtained by passing hydrosulphuric acid 
into a solution of palladic chloride ; for, if formed at all, it is immediately 
decomposed into palladious sulphide (Pd, S) and sulphur. 

On account of the large number of importsoit metals included 
in this Subdivision, we have not deferred giving the Table of 
Beactions until the end of the group, but have placed a synopsis 
of the reactions of the 1st Section on the following page ; and 
for the same reason, an Analytical Table will also be found 
appended. 
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TABLE OF 



Bbactiovs. 



Chloride 

Iodide 

Cyanide 

Chromate ... 

Hydrate 

Oxide 

Ozjchloride 

Sulphide 

Sulphate 

Carbonate ... 

Oxalate 

Ferrocjanide 
Ferricyanide 
Phosphate ... 



Cd. 

(see page 154) 



Co. 

(see page 160) ( 



yellow 
white 



bright yellow 

white 
white 
white 
pale yellow 
white 



brownish 1 
yellow J 

yellowish 1 
brown J 

blue 
black 



black 



blue 

pale blue 

! brownish 1 
crimson j 
greenish 1 
yellow J 

greenish blue 



Ag. 

[see page 165) 



white 

pale yellow 

white 

crimson 

buff 

brown 

black 
white 
white 
white 

white 

r orange 1 
\ yellow J 

yellow 



Blowpipb 
Beactions. 



With car- 
bonate of 
sodium on 
charcoal, a 
reddish brown 
deposit, the 
metal being 
reduced and 
Yolatilized. 



With car- 
bonate of 
sodium on 
charcoal, 
malleable 
globules ; 
with borax in 
the oxidizing 
flame, a green, 
and in the 
reducing 
flame a red 
bead. 



With car- 
bonate of 
sodium on 
charcoal, 
malleable 
globule. 



TABLE OF BEACnONS. 
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S^2. 


Hg. 


Pb. 


BL 


Pd. 


(see page 170) 


(see page 173) 


(see page 177) (see page 183) 


(see page 186) 


white 




white 






dull-green 


r vellow, 
• changing - 


bright yellow 


1 1 


black 


— 


[to scarlet j 


white 


— 


f yellowish 1 
\ white J 


orange-red 


dull-red 


yellow 


yellow 


— 


— 


yellow 


white 


white 


r yeUowish "I 
1 brown j 


/ browniflh "1 
t black ; 


yellow 








white 


white 


white 


— 


black 


black 


black 


/ brownish 1 
1 black / 


r brownish "1 
1 black ; 


f jellowifih 1 
\ white J 


white 


white 


white 


— 




brownish red 


white 


white 




— 


white 


white 


white 


pale yellow 




white 


white 


r yellowish "1 
brown 

light brown 


— ~. 


r reddish"! 
\ brown j 


yellow 


— 


reddish brown 


white 


white 


white 


white 


brown 


Mixed with 


Same as the 


With car- 


With car- 


With car- 


carbonate of 


mercurous 


bonate of 


bonate of 


bonate of 


sodium and 


salts. 


sodium on 


sodium on 


sodium on 


heated in a 




charcoal, 


charcoal, a 


charcoal, re- 


glass tube, 




malleable 


brittle globule 


duced to the 


the metal 




globule 


and yellow 


metallic state. 


sublimes. 




and yellow 
incrustation. 


incrustation. 
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We also give an Analytical Table for the 1st Section of this 
subdivision, on account of the great number and importance of 
the metals it contains. 



Analysis of Stibdivision IV. 

Section I. — Salts of metals which form Sulphides insoluble in Sulphide of 

Ammonium. 

The salt may be one of CADMIUM, COPPER, 8ILYER, 
MERCURY (mercurous or mercuric), LEAD, BISMUTH, or 

PALLADIXTM. 



Ignite the substance ; if it does not volatilize, we infer the 



absence of 
Mercury, 
which may 
be further 
confirmed 
by heatine 
the dry siut 

mixed 

with dry 

.N.,CO, 

m a small 

tube and 

observing 

the absence 

of globules. 



presence of 

Cadmium, Copper, Silver, Lead, Bismuth, or Palladium. 

Dissolve the ignited residue in a little nitric add, dilute 
with water, and Mid dilute sulphuric add ; if no white pre- 
dpitate is produced, we infer tne 



absence of 
Lead. 



presence of 

Cadmium, Copper, Silver, Bismuth, or 

Palladium. 

To the same solution add dilute hydrochloric 

add ; if no predpitate is produced, we ii^er the 



absence of 
Silver. 



presence of 
Cadmium, Copper, Bismuth, or 

Palladium. 
Add hydrate of ammonium in ex- 
cess ; if no white predpitate is pro- 
duced, we infer the 



absence of 
Bismuth. 



presence of 
Cadmium, Copper, or 

Palladium. 

If the solution is blue, 

we infer the presence of 

Copper; 

if colourless, of 

Cadmium or Palladium. 

Add hydrosulphuric add; 

if a yellow predpitate is 

produced, we infer the 

presence of 

Cadmium; 

if a brownish-black, of 

Palladium. 
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Section II. — Salts of metals which form sulphides soluble in 
Sulphide of ammonium ([NH^]j, S). 

SALTS OP TENT, AI^TIMONY, ABSENIO, PLATDOTM, rhodium, 

RUTHENIUM, OSMIUM, GOLD, TUNGSTEN, MOLYBDENUM, AND TANADIUM. 

SALTS OP TIN. 

The chemical characteristics of the compounds of this metal 
resemble to a certain extent those of the preceding : it forms two 
series of combinations with chlorine and acid-radicals in general, 
— ^the stannous chloride and oxide (SnCl and Sn^^O) being repre- 
sentatives of the first, and the stannic chloride and oxide (SnCl, 
and Sn^Oa) typifying the second series. Stannic salts, however, 
are far more numerous and important than palladic salts ; and so 
far £rom having, like them, a tendency to decompose into the acid- 
radical and the corresponding salt of the first series, they are 
actually produced easily from stannous salts, — ^half of the metal 
present being separated in the metallic state, while the portion 
of acid-radical previously united with this half combines with the 
residual elements : thus stannous oxide, under peculiar circum- 
stances, passes into stannic oxide, thus — 

Besides these two series there is a third, which is, however, un- 
important, few members of it existing : it is intermediate between 
the stannous and stannic series, and has been called the stannoso- 
stannic series, while its members have been termed sesqui- 
salts. 

When salts of tin are heated in the oxidizing fiame of the 
blowpipe, they are converted into an intermediate oxide (Sn^O,), 
at least for the most part ; several tin salts, however, as stannous 
chloride (SnCl), partially volatilize, while in the reducing flame 
tin salts yield their metal ; but to effect this requires some skill 
in the operator, and may be taken as a test of proficiency in the 
use of the reducing flame : fluxes, such as carbonate of sodium or 
cyanide of potassium, should not be employed, since the operation 
is deprived of all difficulty by their aid. Tin salts impart no 
colour to the flame ; hut with nitrate of cobalt the residual oxide 
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(Sn^Og) assumes a bluish-green colour. When fased with borax 
in the oxidizing flame, they yield a colonrlees transparent glass, 
which, if surcharged with the tin salt, becomes opaque and cry- 
stalline : in the reducing flame, part of the tin present is reduced 
to the metallic state ; this experiment shoidd be performed on 
charcoal. 

Although the salts of tin are placed together in the second sec- 
tion of the present subdivision, that is, among those metals the 
sulphides of which are capable of forming sulphur salts with the 
alkaline sulphides, yet, properly speaking, the stannous salts 
should belong to Section I., and the stannic salts to Section 11., 
for the stannous sulphide (Sn^S) does not dissolve as such in 
sulphide of ammonium, but only after its conversion into stannic 
sulphide by combination with the sulphur which sulphide of 
ammonium usually holds in solution ; thus 

Sn, S+(NHJ, 8+S=(NH,), Sn, 83. 

Stannous salts are reduced by iron under certain circumstances, 
readily by zinc and cadmium, slightly by lead. The same acti(ms 
are observed with such stannic salts as are soluble. 

STANNOUS SALTS, OB PR0T0-SALT8 OP TIN. 

Solution for the reactions: — ^proto-chloride of tin (SnCl) in 
water. 

The principal insoluble salts of this series are the iodide, the 
cyanide, the chromate, the oxychloride, the hydrate, the sulphide, 
the oxalate, the ferrocyanide, the ferricy^de, and the phosphate. 

The Chloeide is soluble. 

The Iodide is obtained by the action of iodide of potassium in 
excess on solutions of stannous salts, especially after some time. 
It is a yellowish white precipitate ; but from warm solutions it 
separates in fine reddish yellow crystals. 

Its formula is SnI. 

It dissolves sparingly in cold water, but more readily in hot ; 
it is also soluble in a solution of stannous chloride. 

The Cyanide is produced by the action of cyanide of potassium 
on solutions of stannous salts : it is a white precipitate, which is 
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said to be stannous hydrate, not stannous cjBnide. A portion of 
tin salt remains in the solution of cyanide of potassium. 

The Ghbohate is produced by the action of chromate of potas- 
sium in excess on solutions of stannous salts : if the stannous 
salt be in excess, a greenish white precipitate is obtained, which 
is thought to be chromic stannate (stannate of chromium), some 
of the oxygen contained in the chromic acid-radical being trans- 
ferred from the chromium to the tin, to form stannic acid. 

This precipitate dissolves in hydrochloric acid, forming a green 
solution. 

The Oxtchlobide is produced by precipitating stannous chlo- 
ride with an insufficient amount of hydrate of potassium. It is 
a white precipitate. 

Its composition is 2SnCl, Sn^^O, daq. 

It dissolves readily in most acids. 

The Hydrate is produced by the action of the hydrate or car- 
bonate of potassium or ammonium : it is a white precipitate. 

Its formula is SnHO. 

It is readily soluble in excess of hydrate of potassium, but 
not in excess of its other precipitants ; it dissolves readily in 
adds. If the potassic solution of this salt be boiled, one of those 
curious metamorphoses occurs similar to those which have been 
noticed before, and which results in part of the tin present pass- 
ing into a higher state of oxidation, at the expense of another 
part, which is reduced to the metallic state ; thus — 
4SnH04-2KH0=K, Sn^Oj-fSSn+SH^O. 

The Sulphide is produced by the action of hydrosulphuric 
acid on neutral or acid solutions of stannous salts ; alkaline solu- 
tions are very partially precipitable. It is a brownish black 
precipitate. 

Its composition is Sn, S, or possibly, when ree^itly precipi- 
tated, SnHS. 

It dissolves in hydrate of potassium or sodium, but is repre- 
dpitated from these solutions unchanged by hydrochloric acid ; 
it is almost insoluble in protosulphide of ammonium ([NH^], S) 
and in sulphydrate of ammonium (NH^ HS). When, however, 
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the sulphide of ammoniuin has become converted into one of the 
higher sxdphides, as [NH^], S,, stannous sxdphide dissolves in this 
reagent, producing sulpho-stannic acid, the ammonium salt of 
which is soluble, thus — 

2SnH84-(NHJ, 8,=(NH,), Sn, S3 4-H, 8. 

sulpho-stannate 
of ammonium. 

If hydrochloric acid be added to this solution, stannic sulphide 
(Sa, Sj) is precipitated, — 

(KE,\ Sn, S3 4-2HCl=2NH,Cl-hSn, S,+H, S. 

yellow ppt. 

Stannous sulphide dissolves in boiling hydrochloric acid, being 
converted into stannous chloride ; boiling nitric add decomposes 
it with formation of stannic oxide (Sn^Oj). 

The Sulphate is soluble. 

The Gabbonate does not exist. 

The Oxalate is produced by the action of oxaHc add on 
solutions of stannous salts; the alkaline oxalates produce 
double salts, which are soluble. It is a white crystalline pre- 
cipitate. 

Its formula is SUj^CaO^. 

It dissolves in hot solutions of chloride of ammonium and of 
other ammonium salts, and crystallizes out again on cooling ; it 
is but slightly soluble in cold or hot water, or in oxalic acid, or 
in dilute cold mineral acids, but in hot hydrochloric or nitric add 
it dissolves. 

The Eebbocyanlde is produced by the action of ferrocyanide of 
potassium on solutions of stannous salts. It is a white precipi- 
tate, becoming yeUow by exposure to the air. 

Its formula is Sn^Cfy. 

It is insoluble in the chloride and many other salts of ammo- 
nium, in water and in adds, but it dissolves in hydrate of am- 
monitim. 

The Pebbicyakide is produced by the action of ferricyanide of 
potassium. It is a white gelatinous predpitate. 

Its composition is SUjCfdy. 
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It dissolves in hydrate of ammomom^ but not in other anuno-' 
nium salts. 

The Phosphate is produced by the action <^ phosphate of 
Bodiom : it is a white precipitate. 

It is insoluble in chloride of ammonium and in water^ but dis- 
solves in hydrochloric add. 

The other special reagents of the present and three preceding 
subdivisions are not known to yield any characteristic reactions 
with stannous salts. 

The production of stannous hydrate and sulphide^ and the re- 
action of the former salt when dissolved in hydrate of potassium 
and heated, are among the chief methods employed for the recog- 
nition of stannous salts. 

8TANKOSO-8TAVNIC SALTS, OB 8KSQUI-SALTS OF TIN. 

These salts are thought by most chemists to be formed hy the union of 
stannous and stannic salts. 

Ths Oxidk, or more properly, thb Htdrate, is obtained by acting on 
stannous chloride with ferric hydrate, — ferrous chloride and stannoso-stannic 
hydrate being the products of the change, which may be more simply repre- 
sented hy awwiming ferric oxide to be the ferric salt concerned — 

(FeJa O3 +4SnCl = (Sn,)^ O3 +4FeCL 
It is a yellowish-white precipitate, which dissolyes in hydrochloric add with- 
out decomposition, if protected from the air. 

Ths Sulphidk, or more properly, ths Sulphtdrats, is said to be ob- 
tained hy passing hydrosulphuric acid through a solution of the hydrate in 
hydrodiloric acid : it is a liyer-coloured predpitate, haying probably the 
formula (Sn3)2S3. 

SIAlOnC SALTS, OB BI- OB PEB-SALTS OF TIN. 

Solution for the reactions : — stannic chloride (SnCl,) in 
water. 

This is the most stable series of the salts of tin, both of the 
preceding series possessing a great tendency to assume more 
add-radical and pass into stannic salts. The decompodtion of 
stannic salts under the influence of reagents is very peculiar, 
and whoUy dependent upon the chemical nature of the substance 
presented to them: if the reagent be one possessing powerful 

k2 
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basic properties, the stannic compound in combining with it 
assumes liie functions o^ an acid-radical, thus — 

2SnH,0a4-2KH0«K, 8a,0, +3HaO. 

stimnateof 
potassium. 

If, again, the same salt, stannic hydrate, be acted upon by a 
reagent possessed of powerful acid properties, the metal imites 
with the acid-radical of the acid to form a salt in which the tin 
plays the part of a base, thus — 

28nH,0,+2H:, 80,=Sn,(80J,+4H,0. 

stannio 
sulphate. 

These or similar peculiarities have been described in the case 
of aluminium, chromium, and palladium. 

One importcmt feature with respect to these salts is this : — 
there exist two modifications of them, which have been termed 
the stannic, and the metastannic salts ; the hydrate, however, 
and those other salts in which a compound of tin and oxygen is 
presumed to play the part of the acid-radical, are the only in- 
stances in which this ** dimorphism" is strongly marked. 

The principal insoluble salts of this series are the cyanide, the 
chromate, the hydrate, the sulphide, the ferrocyanide, and the 
phosphate. 

The Chloeide is soluble. 

The Iodide is not produced by iodide of potassium; but it 
separates in the form of orange or red crystals decomposable by 
water, when a solution of stannous chloride is boiled with iodine. 

The Cyanide is not produced by cyanide of potassium, the 
white precipitate obtained being believed to be only stannic 
hydrate. 

The Chbomate is produced by the action of chromate of po- 
tassium on solutions of stannic salts : it is a yellow precipitate. 

The Hydrate occurs in two distinct varieties, according to the 
method of its production ; in either form it is the hydrogen salt 
of a compound acid-radical, and yields salts with the hydrates 
of the first subdivision, which contain the alkaline metals. 
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The two modifications are called respectiyely stannic and meta- 
stannic adds. 

1. Stannic Acid is produced by the action of the hydrates or 
carbonates of potassium or ammonium, but it is precipitated in 
the purest form by the action of the carbonates of the second 
subdivision on solutions of stannic salts ; it is also produced by 
decomposing stannic chloride with water. It is a white gelatinous 
precipitate. 

Its formula is H, Sn^Og, while its known salts may be repre- 
sented by the formula M^Sn^^O,. Stannic hydrate when dried 
below 65° is, however, H^ Sn^O,, HjO, or more simply, SuH^Oj. 

It dissolves readily in excess of hydrate of potassium or ammo- 
nium, or of carbonate of potassium ; it remains dissolved, how- 
ever, for a short time only, separating perfectly on standing. 
In many acids it dissolves readily, forming, by double decom- 
position, solutions of the ordinary stannic salts. 

2. Mbtastannio Acm is produced by the action of concen- 
trated nitric acid on metallic tin. The changes which accompany 
this formation of metastannic add are very peculiar, nitrate of 
ammonium being one of the products ; if the formula asdgned to 
this acid be correct, the transformation may be thus repre- 
sented, — 

10Sn+6HN03+6H:,0=:H^o Snj,0„+2NH, NOj+N.O,. 
This substance is a white crystalline predpitate. 

Its formula is HjoSUj^O,,, while the salts which are known 
are represented thus, — ^M^ Hg Sn^^jO^. 

It is soluble in hydrate of potassium, but insoluble in hydrate 
of ammoniimi. It does not dissolve in water, nor in dilute hydro- 
chloric and nitric adds, but it is soluble in strong sulphuric 
add. If this predpitate be boiled for some time with hydro- 
chloric add and then diluted with water, a clear solution is ob- 
tained containing metastannic chloride ; upon boiling this diluted 
solution, metastannic acid is reprecipitated. 

The Sulphide is produced by the action of hydrosulphuric 
add on neutral or acid solutions of stannic salts : the predpitate 
is at first white, but with an excess of the predpitant, dull yellow. 
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Its fonnnla is Sn, S^. 

This salt is very soluble in the sulphides of potassium or am* 
monium, forming with these reagents a salt termed a snlpho- 
stannate^ thus— 

K^ 8+ Sn^ SjSsK^ Sn^ S3. 

Bulpho-stannate 
of potassium. 

The sulpho-stannates correspond perfectly to the ordinaiy stan* 
nates, the oxygen of those salts being replaced by an equivalent 
proportion of sulphur. Stannic sulphide dissolves in hydrate of 
potassium, but less readily in hydrate of ammonium ; with the 
former reagent the action is as follows, — 

6KHO+3Sn, S,=B; Sn,03+2B; Sn, S3+3H,0. 

staimateof sulpho-staimate 
potassium, of potassium. 

In boiling hydrochloric acid, when strong, stanrde sulphide dis- 
solves, while it is decomposed by hot nitric acid with formation 
of metastannic acid. The sulphur-acid of tin corresponding to 
metastannic acid does not appear to exist. 

The Sulphate is not known. 

The Carbokate is not known. 

The Oxalate is soluble. 

The Eebboctanide is produced by the action of ferrocyanide 
of potassium on solutions of certain stannic salts (as stannic 
chloride). It is a brownish yeUow precipitate. 

Its formula is Sn^Cfyj,. 

It is insoluble in hydrochloric acid, and also in the hydrate 
^md other salts of ammonium. 

The Eebbicyanide is soluble. 

The Phosphate is produced by the action of phosphate of 
sodium on solutions of stannic salts : it is a white precipitate, 
whose formula has not been ascertained. 

The other special reagents of the present and three preceding 
groups exert no characteristic actions upon solutions of stannic 
salts. 

The metamorphoses of the oxide and hydrate, and the predpi- 
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tation, &c. of the sulphide, are among the most striking tests for 

stannic salts, some of which may also be recognized when in 

solution by the beautiful feathery crystalline deposit of metallic 

tin with which a piece of zinc immersed in the mixture becomes 

covered. 

SALTS OP AirriMoirr. 

The compoimds which this body forms with salt-radicals bear 
considerable resemblance to those which the preceding metal 
yields, while, in general characters, antimony, like arsenic, is 
more closely allied, in many respects, to the acid elements, 
such as phosphorus or nitrogen, than to the basic elements, 
among which it is usually placed. 

Antimony produces by combination with acid-radicals two series 
of compoimds, — of the first of which, the oxide Sb^Og, and the 
chloride SbClg, may be taken as representatives ; and of the second 
of which, the oxide SbjO^, and the chloride SbClg, may be con* 
sidered types : and between these two series, the same relation 
may be observed which has been seen to exist between the salts 
of tin, — ^the first or lower series having a tendency to pass iato 
the second or higher stage of combination. 

Most salts of antimony, when heated on charcoal in the oxi-r 
dizing flame of the blowpipe, are converted into the oxide, which 
volatilizes and condenses upon the cooler and more distant pcut 
of the charcoal ; some salts, however, such as the chloride, are 
volatilized imchanged. In the reducing flame, especially with 
reducing agents, such as carbonate of sodium or cyanide of 
potassium, globules of the metal are obtained, which are very 
brittle ; they volatilize, oxidize, and condense upon the charcoal 
as oxide. The reduced metal, when volatilizing, imparts a 
greenish blue colour to the flame. Antimony salts, when mois- 
tened, after having been heated, with nitrate of cobalt, produce 
no characteristic colour. When heated with borax in the oxi- 
dizing flame, a clear glass is obtained, which is- yellow while hot, 
and colourless when cold, and which, when subjected to the 
action of the reducing flame, becomes grey and cloudy, owing to 
the presence of reduced metal; this cloudiness, however, soon 
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disappears, from the volatilization of the metal. This experi- 
ment should be performed on charcoal. 

A remarkable feature which is to be observed with r^ard to 
antimony, is the property which it possesses of forming a com- 
poimd with hydrogen : whenever a salt of antimony comes into 
contact with nascent hydrogen, this substance is invariably pro- 
duced, according to the following equation, — 

Sba3+6H=:8bH3+3HCl ; 
the change consists, however, of two stages, the first being the 
production of metallic antimony — 

SbCl3 4-3H=Sb4-3HCl, 
and the second being the combination of this antimony with 
hydrogen by the action of 3 more equivalents — 

Sb+3H=«SbH,. 

That this is really the case, is proved by the large amount of 
metallic antimony which is actually deposited; for the latter 
change does not take place so rapidly as the former. The best 
method of performing this experiment is to generate hydrogen 
in the ordinary apparatus (fig. 1, p. 15), taking care to employ 
specimens of zino and of sulphuric add perfectly free from arsenic 
(a very frequent impurity of these reagents), and then to intro- 
duce into the generating flask the solution to be examined for 
antimony : if this metal be present, antimoniuretted hydrogen is 
produced, which, affcer having been dried by passing through 
oil of vitriol in a second flask, may be kindled at a small jet 
made of a glass tube, and inserted in the cork of the washing- 
flask, care having been taken to allow sufficient time to elapse 
previously to the ignition of the gas, that all air may have been 
expeUed from the apparatus, and therefore all risk of explosion 
avoided. The student should observe the following properties 
of the gas, remembering that none of them are presented by 
pure hydrogen : — 

a. The gas kindled at the orifice will be seen to bum with 
a pale bluish-green flame, and to give rise, especially if the 
observation be made in a dark place, to a white smoke, which 
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consists of antimomous oxide (Sb^O,) ; both constitaentSy indeed^ 
of the gas combine with oxygen duiing the combustion, thus-- 

2SbH34- 60==Sb,03+3H,0. 

white 
vapour. 

/3. If a cold porcelain surface be depressed into the flame 
burning at the jet, but not so as to extinguish it, a black spot 
of metallic lustre will be produced at the point of contact, which 
spot will be found volatilizable by further heating. This is 
metallic antimony, which has not been oxidized by the atmo- 
spheric oxygen present, on accoimt of the reduction in the tem- 
perature effected by the cold porcelain. 

y. If the jet with a fine oriflce be now removed, and a tube 
of hard glass of the form represented in flg. 11 be substituted 
for it, and, while the gas is passing, the middle of the wide part 
of the tube be heated by a spirit-lamp, the flame of which is 
urged by a blowpipe, there will speedily appear at the com- 
mencement of the narrow part or shoulder of the tube a mirror- 
like deposit, which, by the application of the flame, may be 
chased along the capillary tube, and Anally driven out at its 
oriflce. For the antimoniuretted hydrogen is decomposed at a 
high temperature into its constituents ; and frequently so com- 
plete is this decomposition while the heat is maintained, that the 
gas issuing from the oriflce, when kindled, will no longer stain a 
porcelain surface, being, in fact, pure hydrogen. 

d. Results closely analogous with those just mentioned are 
obtained with compounds of an element which, on account of its 
resemblance to antimony, and for the sake of convenient com- 
parison, is introduced immediately affcer the metal we are now 
considering. Arsenic, the substance to which we refer, and 
which, like antimony, may be considered, strictly speaking, as 
one of the acid elements, forms a compound with hydrogen 
(AsH,) perfectly corresponding with antimoniuretted hydrogen, 
and which when burning yields a spot or metallic stain if 
cooled by porcelain, and a metallic mirror when decomposed by 
heat. To distinguish, therefore, between the spot or mirror 

k5 
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of arsbnic and the spot or mirror of antimony, is a problem 
which the stadent should be able to solve with confidence ; and 
the following reactions peculiar to antimony will enable him 
to do so : — 

1. When an antimony spot on a fragment of porcelain is 
treated with a drop of concentrated nitric add, the add Ihen 
completely removed by evaporation, and a drop of nitrate of 
olver solution added to the sHght whitish residue on Hie porce* 
lain, no change of colour occurs, 

2. Again, if an antimony spot be moistened with a solution of 
hypochlorite of sodium (really a mixture, NaClO+NaCl), it is 
scarcely at all dissolved, 

3. With respect to the mirror, if the tube containing an 
antimony mirror be detached from, the apparatus in which the 
antimoniuretted hydrogen was being evolved, and connected 
similarly with another from which sulphuretted hydrogen is 
slowly evolved, and if, while the Hj, S is traversing the tube, a 
gentle heat be applied to the mirror, it will become of a 
reddish-yellow or hrowntsh-hUiclc colour, from formation of anti- 
monious sulphide (Sb, S3). The sulphuretted hydrogen gas em-^ 
ployed should be dry ; and to effect its desiccation it may be 
passed through a bottle containing some oil of vitriol. Over the 
mirror, now converted into a film of antim^mious sulphide, a 
slow current of dry hydrochloric add gas (evolved by heating a 
concentrated solution of the acid, and dried by means of oil of 
vitriol) may now be transmitted, the apparatus employed being 
precisely similar to that last used. During the passage of 
the gas the antimonious sulphide disappears, being converted 
into the volatiU and colourless antimonious chloride (SbCl,), 
thus — 

Sb, S3 + 6HCl=2SbCl3 + 3H, S ; 
the volatile chloride may be conducted into water, in which it is 
soluble ; and Hien the solution may be tested by its most cha- 
racteristic predpitant, a solution of sulphuretted hydrogen, 
which yields a fine orange-yellow precipitate of antimonious 
Bulphide (Sbj S3). 
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A greater difference exists between the two series of salts 
which antimony forms, than has hitherto been observed in the 
case of any metal which has yet been bronght before the notice 
of the student. Antimonious oxide (Sb^Og), and the chloride 
(SbClg), which may be taken as types of the first series, have a 
fair claim to be ranked among the bodies usually known as salts ; 
antimonic oxide (Sb^O^) and the chloride (SbCl^) are of a 
decidedly acid character, and yield, in the presence of powerful 
basic elements, salts in which the antimony forms part (or is 
presumed to form part) of a compound oxygenated acid-radical. * 

Antimonious salts are precipitated by iron, cobalt, zinc, cad- 
miimi, lead, and tin completely, in the form of a black powder ; 
partially by copper or bismuth : when a trace of bismuth is pre- 
sent, the copper becomes coated with a violet-coloured film. 
Zinc precipitates the antimony from antimoniates rendered acid 
by HCl, in the form of a black powder, 

ANTIMONIOTTS SALTS, OB TEE-SALTS OF ANTIMOlTr, 

Solutions for the reactions : — antimonious chloride (SbCl,) in 
dilute hydrochloric add, and the double tartrate of antimonyle 
and potassium (KSbO, C^H^Og) in water. 

The metal in these salts is believed to be generally tnatomic, 
from the usual composition of its salts — ^the chloride (SbCl,), the 
sulphide (Sb^Sg), and the sulphate (Sb2[S0^]3), &c. : but there 
are certain salts, the composition of which can only be explained 
by supposing that antimony occasionally forms part of a basic 
radical containing oxygen, and termed antimonyU (SbO); and 
in this respect antimony resembles uranium, which forms (as the 
student will remember) a large series of salts of perfectly cor- 
responding character, and presumed to contain the basic radical 
uranyle (UjO). The salts of antimony whose existence favours 
this 8upx>osition are those which it forms with bibasic acids, 
such as oxalic and tartaric. The formulae of such compounds 
are the following, — ^the oxalate (H, SbO,CjO^) and the tartrate 
(H,SbO,C,H,03). 

The metal antimony presents many analogies with bismuth. 
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and none more striking than the remarkable fieunlity with which 
its salts are decomposed by water. If we regard antimonions 
salts as constituted similarly to bismuHi salts, the bodies which 
result fix)m their decomposition by means of water must be 
regarded as combinations of antimonious oxide with the salt 
originally employed, while the changes which occur may be 
represented in the same manner as in the case of bismuth 
salts. 

If, for instance, antimonious chloride (SbCl,) is mixed with a 
large quantity of water, an oxychloride, to which various for- 
mulas have been assigned, is precipitated: its constitution has 
been thus represented, 2SbCl„5Sbj03; it is known by the old 
name of powder of Algaroih. Many of the other salts of anti- 
mony are decomposed by water in a similar manner ; but Hie 
nature of these salts and of their products of decomposition is 
ill understood. 

The so-called oxy-salts of antimony are readily soluble in 
excess of the acid, the radical of which exists in the original 
salt, or, indeed, in excess of most other adds ; and the peculiar 
feature which distinguishes them from Hie analogous compounds 
of bismuth, which they closely resemble, is that they are soluble 
in excess of tartaric acid, and that the presence of the latter add 
prevents their precipitation. 

The principal insoluble antLmonious salts are the chromate, 
the oxide, the oxychloride, the sulphide, the oxalate, the ferro- 
cyanide, and the phosphate. 

The Chlobide is soluble. 

The Iodide is not produced by the action of iodide of potas*- 
sium. 

The Cyaiode is not known. 

The Chromate is produced by the action of chromate of potas- 
sium on solutions of antimonious salts : it is a brownish yellow 
precipitate. 

Its formula is not known. 

It is soluble in excess of the antimonious salt, forming a green 
solution. 
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The (hdde is produced by the action of the hydrates or car- 
bonates of the first and second subdivisions upon solutions of 
antimonious salts, although the precipitation occurs less readily 
with such solutions as contain tartaric or other similar organic 
add. The oxide is also produced by digesting any of the oxy- 
salts mentioned above with solution of carbonate of potassium^ 
or even by boiling certain of them (e, g, the oxysulphate or the 
oxynitrate) with water for some time. It is a white fiocculent 
precipitate. 

Its formula is Sb^ O3. 

It dissolves in excess of hydrate of potassium^ but less per- 
fectly in the carbonate ; in hydrate of ammonium it is insoluble* 
It is readily soluble in acids, even in tartaric add, but is not 
dissolved by nitric add. 

The Oxychloride is obtained, as already stated, when much 
water is added to a solution of antimonious chloride. Great 
reliance is placed on this reaction ; to obtain it, the predpitate 
produced by the hydrate of potassium (the oxide Sb^O,) is dis- 
solved in hydrochloric acid, and evaporated to a small bulk in 
order to ensure its conversion into the chloride (SbCl,); this 
solution is then poured into a large quantity of water, when an 
immediate predpitation of the white oxychloride will occur. 

The formulse 2SbCl3,5Sba03, and 4SbCl„9SbaO„ have been 
assigned to this precipitate. 

It dissolves in hydrochloric, tartaric, and most other adds, 
with the exception of nitric acid. 

The Sulphide is produced by the action of hydrosulphuric add 
upon acid or neutral solutions of antimonious salts : it is a pre- 
dpitate of a fine orange colour, which is quite characteristic. 

Its formula is Sb^ S3. 

It dissolves in the sulphides of potassium or ammonium, 
especially if these reagents contain excess of sulphur ; it is also 
soluble in hydrate of potassium, but only to a slight extent 
in the hydrate or add carbonate of ammonium. It is insoluble 
in dilute adds, but soluble in boiling concentrated hydrochloric 
add ; hot sulphuric acid dissolves it less easily, with evolution 
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of hydrosnlphuric acid, while hot nitric acid decompoees and 
oxidizes it. 

The Sulphate is not well known ; it would appear^ however, 
that several varieties of this salt exist, many of which are in- 
soluble (or nearly so) in water. 

The Cabboitatb is not known. 

The Oxalate is produced by the action of oxalic acid on 8olu-> 
tions of antimonious salts : it is a very bulky white precipitate, 
which separates completely only after standing. 

Its formula is H, SbO,C,0^. 

It is insoluble in cold water, but is decomposed by boiling 
water, which withdraws the acid constituent from it, and con* 
verts it into the oxide. 

The Febeoctakide is produced by the action of ferrocyanide of 
potassium on solutions of antimonious salts (if tartaric add be 
absent) : it is a white precipitate. 

Its formula has not been ascertained ; by some chemists it is 
believed to be an oxy-salt only. 

It is insoluble in hydrochloric acid. 

The Febbictakidb is soluble. 

The Phosphate is partially precipitated on the addition of 
phosphate of sodium ; it occurs in white flakes. 

Its composition appears to be uncertain. 

The other special reagents of the present and three preceding 
subdivisions are not known to give any characteristic reactions 
with antimonious salts. 

Antimonious compounds are often detected and recognized by 
the formation of the oxide, oxychloride, and sulphide. 

ANTIMONIC salts, OE PENTA-SALTS OF AKTIMONT, 

Solution for the reactions : — ^antimoniate of potassium (KSbO,) 
in water. 

These compounds, of which the oxide is Sb^Oj, and the chlo- 
ride SbClg, bear a striking resemblance to the stannic salts, al- 
though they partake even to a less extent of the characters of 
normal salts, and have a far greater tendency to become con- 
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verted in the presence of basic elements into componnd add* 
radicals. They are, however, noticed among the saline combina- 
tions of the basic elements, to avoid the inconvenience which 
would result from placing them in a different section. The salts 
(if they may be so called) of this series do not present the same 
stability as the stannic salts : if, for instance, antimonic chloride 
(SbClg) be heated, it decomposes into antimonious chloride and 
chlorine, thus — 

SbCl,=8bCl3+Cl,. 

The principal insoluble salts of this series are the hydrate and 
Bidphide. 

The Chlobide is decomposed in the manner described below 
when introduced into water. 

The Iodide, the Cyakide, and the Chbomate are unknown. 

The Hydrate is produced by the action of water upon the 
penta-chloride of antimony, if the product be afterwards washed 
sufficiently. It is a bulky white precipitate. like stannic hy- 
drate, this occurs in two distinct forms, each of which has a 
tendency to appropriate oxygen, and then, as a compound acid- 
radical, to combine with hydrogen or metals. These two mo- 
difications are called antimonic and metantimonic acids respec- 
tively, 

1. Antimonic acid is obtained by the method just described, 
or by dissolving metallic antimony in nitrohydrochloric acid con- 
taining excess of nitric acid. 

The amount of hydrogen which it contains does not appecor to 
have been accurately determined ; but the formula HSbO, may 
be assigned to it with great probability, while the constitution of 
its salts is generally represented by the formula MSbO,. 

This acid is quite insoluble in hydrate of ammonium, and very 
slightly soluble in water or acids. 

2. Metantimonic acid is obtained by decomposing antimonious 
chloride with water, or by decomposing antimoniate of potassium 
by an add. 

The composition of the acid obtained by these methods is 
H^ SbjO^ : it is said to form two series of salts, represented by the 
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formulflB M^ Sb^O^ for the neutral salts, and M, H^ B\0^ for the 
add salts. 

Metantimonic add is soluble in hydrate of ammonium ; it also 
dissolves in a large quantity of water, from which solution it is 
repredpitated by the addition of adds. In acids it is more 
soluble than antimonic acid. 

The Sulphide is produced by Hie action of hydrosulphuric add 
upon an acid solution of antimonic salts (tartaric add prevents 
the predpitation, in the same way as it does that of antimonious 
chloride by water); it is also formed by passing hydrosulphuric 
add gas through water in which antimonic or metantimonic add 
is suspended : it is an orange-yellow precipitate. 

Its compodtion is Sb, S, ; but it generally contains Hie elements 
of water, which are evolved as water when the substance is dried. 
This body partakes of the characters of a hydrate, and, by the ap- 
propriat^n of sulphur from alkaline sulphiL, be«,me8 LvertS 
into a compound acid-radical united with the metal of the alkaline 
sulphide^ and forming a salt which has been termed a sulphanti- 
moniate. In these compounds we do not observe the difference 
which we find between antimonic and metantimonic acids : sulpha 
antimonic acid does not appear to exist in more than one modi- 
fication ; and that is said to be tribadc. The sodium salt is well 
defined ; it crystallizes in pale yellow tetrahedra with 9 eqs. of 
water, its formula being Naj, SbS^4-9aq. 

The sulphide dissolves readily in the hydrates and sulphides of 
potasdum, of ammonium, and of the second subdividon, espedally 
on heating. From its solution in the hydrates of potasdum or 
barium, a crystalline precipitate of antimoniate of potasdum or 
barium is, however, deposited on standing. Carbonate of potas- 
dum also dissolves it on boiling. From these solutions it is 
reprecipitated by the addition of acids. It is insoluble in cold 
acids, but, when boiled with concentrated hydrochloric, dissolves, 
witii evolution of hydrosulphuric acid, separation of sulphur, and 
formation of antimonious chloride. 

The Sulphate, Caebowate, Oxalate, Fekkocyawede, Febbi- 
CTAinDE, AND Phosphate do not exist. 
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The other special reagents of ttie present and three preceding 
subdivisions give no characteristic reactions with antimonic com- 
pounds. 

Antimonic salts are recognized by the properties of the hydrate 
and of the sulphide. 

SALTS OF ARSENIC. 

The apology offered for introducing antimonic combinations 
among the reactions of the basic elements must be put forward 
again in the case of arsenic compounds. The combinations which 
this metal forms should be treated of among Hie compound acid- 
radicals ; and indeed they must be again adverted to in Hie next 
Chapter : but so much inconvenience would arise from the total 
postponement of all consideration of these combinations untQ 
then^ on account of many similarities which exist between 
arsenic and the basic elements^ and because antimony serves to 
connect these^ that the accoimt of some of its reactions cannot be 
deferred. 

Arsenic resembles antimony in its combinations with add- 
radicals ; it forms two series of such compounds : of the first the 
arsenious oxide (As^Og) and the arsenious chloride (AsCl,) may 
be regarded as typical, while the second series is represented 
by the arsenic oxide (As^O^) and the arsenic chloride (AsGl,). 
These two series, Hke the analogous antimony series, are mu- 
tually convertible by processes of oxidation and reduction ; but 
from those bodies they differ in one important point, being en- 
dowed fax more highly than the antimony compounds with the 
peculiar features of acid bodies: this feature is most strikingly 
manifested by the oxides, both of which yield salts containing, to 
one equivalent of arsenic, a larger proportion of oxygen than existe 
in the oxide. These salts are extremely stable ; in contrast with 
this fEtct it wiU be remembered that the salts derived from anti- 
monious oxide (Sb^O,) are very easily decomposed. These dif- 
ferences might have been expected from the close resemblance 
which arsenic bears to phosphorus and nitrogen ; indeed it ought 
scarcely to be introduced among basic bodies, did not its resem- 
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blance in some points to antimony demand its comparison^ for 
convenience sake, with that element. 

The ordinary blowpipe experiments cannot be performed with 
the compounds of arsenic, on account of their volatility. To this 
there are a few exceptions : one is found in the arsenic oxide 
(ASjOg), which sustains a temperature of 300° C. without change, 
but then decomposes into arsenious oxide (As^O,) and oxygen; 
and another exists in those salts in which the acid-radical AsO^ 
enters, and which do not part with arsenic at a red heat. The ex- 
treme volatility of arsenic and its compounds furnishes us, how- 
ever, with an admirable means of detecting this metal. When any 
compound of arsenic, which has been intimately mixed in a mortar 
with carbonate of sodium, or with carbonate of sodium and char- 
coal, is transferred to a narrow tube of hard glass about -J- of an 
inch internal diameter, 6 or 8 inches long, and closed at one end, 
and then heated before the blowpipe, a metallic mirror of arsenic is 
invariably produced, even when that metal existed in minute quan- 
tity. The following equations are representations of the probable 
changes which occur, according as the experiment is varied : — 

With arsenious oxide and carbonate of sodium, — 

5A8a O3 + ON'a.CO.ss 4As + 6Na^ AsO. + 9C0. ; 

mirror, arseniate of 
sodium. 

with arseniate of sodium and charcoal, — ^ 

2]Sra^HA80,+3C=2As4-2Na,C0,+H,04-C0 ; 

mirror. 

with arsenious sulphide and cyanide of potassium, — 

As,S3+3KCN=2As + 3KCNS 

mirror, sulphocjamde 
of potassium. 

Arsenic in the form of arsenious oxide (As^O^) may be readily 
detected by placing the smallest fragment of it in. the finely 
drawn-out but strong point A of the tube in fig. 10, dropping 
in at a little distance above it a few splinters of charcoal, as at 
B, heating the charcoal red hot by the blowpipe flame, and then 
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allowing the flame suddenly to impinge upon that part of the tube 
which contains the arsenious oxide ; the latter j^ jq^ 

substance readily volatilizes^ and, in passing 
over the red-hot charcoal, parts with its oxygen, 
and condenses in the upper part of the tube, at 
or above C, as a black lustrous mirror of me- 
tallic arsenic. 

The compoimds of arsenic when heated in 
either flame of the blowpipe, give a most cha- 
racteristic garlic odour, and volatilize, and for 
the most part oxidize also, depositing a white 
incrustation (As,03) upon a more distant part ^^^^on^thi^iSSS^f 
of the charcoal. This oxide is frequently crys- ***A*^*iiau lintcnof 
talline ; and if an arsenic compound be srentlv c*»»co"^' 

^ "^ "^ At A, a small lump 

heated in a tube open at both ends, and held of anenious oxide, 
obliquely over the lamp, crystals distinctly visible to the naked 
eye, and readily seen to be octahedra by the aid of a lens, con- 
dense towards the upper and cooler part of the tube. If the 
current of air be excluded, as would be the case were the tube 
closed at its lower extremity, most arsenical compounds would 
then volatilize unchanged: and thus, if the uncombined metal 
were present, a black mirror would be formed in the cool part of 
the tube ; if one of the sulphides, a yellow or an orange sub- 
limate ; if the iodide, red crystalline scales would be deposited ; — 
whilst it would condense as the oxide (As^Og), only if it so existed 
in the original substance, or were produced by the decomposition 
of the compound in which it occurred. 

We now come to the consideration of the chief point in which 
arsenic resembles antimony, viz. the power which it possesses of 
combining in a similar manner with hydrogen. When arsenic 
compounds are exposed to the action of nascent hydrogen, they 
yield arseniuretted hydrogen (AsHg), thus — 

As^Og 4- 12H=3H,0 + 2AsH:3 ; 
and, as has been described in Hie section on antimony, this change 
is most conveniently effected by adding to Hie flask in which 
hydrogen is being rapidly generated the solution of the arsenical 
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compoxmcL The gas cannot be dried by passing through oil of 
vitriol, which decomposes it at ordinary temperatures ; but if re- 
quired dry, it may be passed through a tube containing fragments 
of porous chloride of cedcium. The test for arsenic by means of 
the formation of arseniuretted hydrogen is called Marsh's test, 
from its inventor. The student should observe the following 
properties of arseniuretted hydrogen, comparing them carefrQly 
with those of antimoniuretted hydrogen (see p. 200) : — 

a. The gas (which is colourless, has a specific gravity of 2*695, 
and at 40^ C. condenses to a liquid, but has not yet been solidi- 
fied) possesses a most peculiar odour, resembling that of garlic : 
it is excessively poisonous if inhaled, and has often been &tal to 
human life through incautiously breathing it. If the gas be 
kindled at a fine jet, it bums wiHi a pale bluish white flame, 
giving rise to the formation of water and arsenious oxide ; the 
latter may be seen as a white fume ascending in the current of 
heated air. 

/3. If a cold porcelain surface be depressed into the flame at the 
jet, a black lustrous spot of metallic arsenic will be produced, 
which is more readily volatilized by further heating than the 
corresponding antimony spot. It is caused by Hie cooling down 
of the burning gas below the temperature at which arsenic enters 
into combination with oxygen. 

y. If the jet be replaced by a tube similar to that represented 
in flg. 11, and the gas, as it passes through, be strongly heated 
^ an inch or so from the shoulder of the tube, the flame being 
urged by the blowpipe, there appears after some little time a 
metallic mirror at that part where the tube has been narrowed 
in order to confine the reduced arsenic to the smallest possible 
space, and so to render the least trace obvious. This mirror is 
more volatile than that of antimony, and may be driven about 
the tube by the application of heat with the greatest ease : it 
is produced by a simple decomposition of the gas into its con* 
stituents. 

I, The results hitherto given as peculiar to or indicative of 
arsenic are, it wiU be remembered, the precise counterpart of those 
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yielded by antiinoiiiiiretted hydrogen ; and since we have already 
given the means of distinguishing the antimony minor and spots 
with certainty^ we now proceed to state the methods of in&llibly 
recogniziQg arsenic. 

1. If an arsenic spot be dissolved in concentrated nitric acid, 
the acid perfectly driven off at the temperature of 100^ C, and 
the residual white film moistened with nitrate of silver solution, 
its colour wiU change to yeUcw or red, according to the degree of 
oxidation which the arsenic has undergone : if it has been con- 
verted into arsenious acid^ the colour will be yellow; if into 
arsenic, red. 

2. An arsenic spot is immediately dissolved when moistened 
with a solution of hypochlorite of sodium (NaClO). 

3. An arsenic spot remains undissolved when moistened with a 
solution of sulphide of ammonium containing excess of sulphur 
(antimony dissolves at once). 

To distinguish the arsenic mirror, the tube containing it is 
attached to an apparatus from which dry hydrosulphuric add -is 
being liberated ; and the mirror, being warmed by a spirit lamp, 
is speedily converted into the lemon-yellow tersulphide. If the 
tube be now removed to another apparatus fix)m which dry 
hydrochloric acid gas is being transmitted, and the gas be passed 
through it at the ordinary temperature, no change occurs. If the 
student will now refer to the behaviour of the antimony mirror 
under the same treatment (p. 202), he will see how marked is 
the difference. 

But there is yet another means of discriminating between 
aisenic and antimony ; it is the test of Eresenius and Babo. 

An apparatus is taken similar to fig. 1 (p. 15), the tube (G) 
removed with its india-rubber connexion, and to the bent tube re- 
maining is attached a tube drawn out as in the annexed figure : — 

Fig. 11. 




A. 

At A the heap of powder ; at B Ihe mirror; O ia aa opening at the eztreme point. 
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In the generating-flask some fragments of limestone or marble, 
together with some water, are placed, and in the washing-bottle 
a little concentrated sulphuric acid. Hydrochloric acid is then 
poured down the funnel-tube of the generating flask ; and the car* 
bonic acid gas evolved is thoroughly dried by its passage through 
the oil of vitriol. The best arsenic combination to be acted upon 
in the present arrangement of apparatus is the arsenious (or 
ter-) sulphide (ASj 83), a salt easily produced. The sulphide is 
dried at a temperature not exceeding that of boiling water, and 
mixed with about 12 times its bulk of a dry mixture (previously 
made) consisting of 3 parts of carbonate of sodium and 1 part of 
cyanide of potassium; the powder is now carefully introduced 
into the tube at A by means of a paper gutter, and the whole 
apparatus left for a few minutes, in order that it may become 
entirely filled with carbonic acid gas. 

The arsenic tube is now very gently heated throughout its 
whole length, in order that every trace of moisture may be carried 
along and swept out of the apparatus by the advancing current 
of carbonic acid gas (carbonic anhydride), which should after- 
wards be allowed to pass at the rate of one bubble only per second. 
The part of the tube between B and A is now heated to redness 
with a spirit lamp, and the mixture itself also heated in the 
same manner with a lamp urged by the blowpipe. The arsenic, 
reduced by this means, condenses in the form of a mirror in the 
capillary tube at B ; and it is said that a distinct mirror may be 
produced even when the quantity of arsenious sulphide ope- 
rated upon does not amount to more than -^^th of a grain. N 
antimony compound whatever yields a mirror v/nder the same cir- 
cumstances. 

By the action of metallic plates, aqueous solutions of arsenious 
oxide are but slowly reduced, while hydrochloric acid solutions 
deposit their metal more rapidly ; zinc, cadmium, and tin reduce 
more quickly than copper, lead, bismuth, or antimony. Iron 
does not reduce the metal. These actions are not so complete 
with arsenic acid. 

The combinations which arsenic in its basic capacity forms 
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with salt-radicals are few in number, and can scarcely be termed 
salts, using that word in its ordinary restricted signification : 
these combinations of arsenic are, as we have stated before, of 
two series, the first being the series of arsenious combinations, or 

ABSENIOUS SALTS, OB TEB-SALTS OF ABSENIC. 

Solution for the reactions : — arsenious oxide (As^Og) in hydro- 
chloric acid. 

In these salts the combining equivalent of arsenic is supposed 
to be triatomic, resembling in this respect the analogous anti- 
monious salts. They do not, however, resemble the latter 
bodies either in forming those peculiar compounds with certain 
organic acids into which the antimony enters as a basic radical 
(SbO), nor in suffering the same decompositions by the action of 
water which antimonious salts experience. 

The Chlobide is decomposed by the action of water, yielding 
arsenious oxide and hydrochloric acid. 

The Iodide is soluble in a considerable quantity of cold 
water. 

The CrAKiDE and the Chbomate do not appear to exist. 

The Oxide is obtained in commercial operations as a bye- 
product by heating the ores of metals containing arsenic in a 
current of air (roasting) : in these processes the arsenic is oxi- 
dized and volatilized as the oxide (As, O3), which may then be 
collected and condensed in suitable chambers. This substance 
occurs in two well-defined varieties, — ^the vitreous and the cry- 
stalline. The first or glassy variety is produced when the oxide 
is faaed under pressure, or sublimed and very slowly cooled ; it 
is quite transparent, and breaks with a conchoidal fracture : the 
eeeond variety is obtained by subliming the former modification 
and rapidly cooling the vapour, or by simply keeping the first 
variety for some time; it crystallizes in the regular system, 
either as octahedra or tetrahedra. On account of its powerful 
tendency to yield salts in which the arsenic is supposed to form 
part of a compound acid-radical, the oxide cannot be preci- 
pitated from arsenious salts by the addition of excess of the 
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hydrates of potassium or ammonium, the following reaction 
taking place, — 

2AsCl3+10B:B:O«6Ka+K^As3O +5H,0. 

aneniteof 
potassium. 

It is recognized as a compound acid-radical by the varied colours 
of the precipitates which its soluble combinations produce with 
different metallic salts : these are formed very readily by adding 
a solution of the desired metallic salt to a neutral solution of an 
alkaline arsenite, such as that of potassium (E^As^O^) or of 
ammonium ([NH J^ As^ 0^). The arsenite of copper (Cu^ASjO^) 
is called Scheele's green, and the arsenite of silver (Ag^ -^^^s) ^ 
yellow ; and these salts are perhaps the most remarkable arsenites. 

The composition of the arsenious oxide, or arsenious anhydride, 
is As^Og : it does not appear to form any compound with water, 
i.e. no hydrogen salt of the add-radical As^O^; many of its 
salts, with other basic radicals, are considered bibasic, and the 
formula M^As^O, has been assigned to them. 

Arsenious oxide is very soluble in the hydrates and car- 
bonates of potassium and ammonium ; in water it does not dis- 
solve to any very great extent ; its physical condition also in- 
fluences its solubility. Thus 1 part of the opaque and crystalline 
variety dissolves in 7*72 parts of boiling water, whilst 1 part of 
the vitreous oxide requires 9*33 parts for solution : as the tem- 
perature decreases, the greater portion of the substance is de- 
posited ; for 80 parts of cold water are requisite to hold 1 part of 
the opaque oxide in solution, and 103 of cold water are required 
to dissolve 1 part of the vitreous variety. This substance is 
slightly soluble in alcohol. The presence of adds generally in- 
creases its solubility. Many arsenites dissolve in ammonium 
salts. 

No OXYCHLORIDE Cxists. 

The Sulphide is produced by the action of hydrosulphuric 
acid gas on neutral or acid solutions of arsenious salts (e,g. AsCl,), 
or acidified solutions of arsenites: it is a precipitate of a very 
fine orange colour, which occurs native as Orpiment. 
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Its formula is As^ S3. 

It is very soluble in the hydrates, sulphides, and carbonates 
of potassium and ammonium. When dissolved in alkaline hy- 
drates or carbonates, it yields a mixture of arsenite and sulph- 
arsenite, perhaps thus — ^^ 

2As, S3+5K,C03=K,As,0«+K,As, ^.-^'^ S+5C0,. 

arsenite. sulpharsenite. 

When the sulphide is washed with cold water, a small quantity 
dissolves ; but it is decomposed to a very slight extent even by 
boiling water, a trace only of arsenious acid passing into solution 
at the same time that a minute quantity of sulphuretted hy- 
drogen escapes : this decomposition is shown more conspicuously 
if the sulphide be boiled with dilute sulphuric or hydrochloric 
add, — boiling concentrated hydrochloric acid acting upon it with 
difficulty. 

This substance partakes to a great extent of the features of 
the oxide just described, particularly in giving rise to a series 
of well-defined sulphur salts, known as the sulpharsenites : 
they belong to three distinct series, all produced from arsenious 
sulphide (AS2S3), which we may here call the sulpharsenious 
anhydride. Thus we have these formulsB for the potassium 
salts of the three series — ^K^ ASj, Sg, K3 AsSg, and KAjsSj : the 
first series may perhaps be formed by the union of the second 
and third. 

Some further observations will be offered on this subject when 
treating of the add-radicals containing arsenic. 

The Sulphate, the Cabbonate, and the Oxalate do not exist. 

The EE£ROCTAim>E is said to be produced by the action of 
ferrocyanide of potassium upon a solution of arsenious oxide 
(AS3O3) in dilute hydrochloric add. 

Its compodtion is unknown. 

It is decomposed by boiling nitric add, but is insoluble in 
water. 

The EBBEiCTAim>E and the Phosphate do not appear to exist. 

The other special reagents of the present and three preceding 
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groups are not known to exert any characteristic or definite 
action upon arsenious combinations. 

The formation of the oxide and the sulphide, togetheT with 
the characteristic properties of certain " arsenites," are the chief 
means employed for the recognition of arsenic in arsenious 
compounds. 

ABSEiaC COMBUfATIONS, OE PENTA-SALTS OF ABSEiaC. 

Solution for the reactions : — arsenic oxide (ASgO^) in water. 

These compounds are closely allied to the penta-salts of anti- 
mony, but partake more strongly of the acid character, and are, 
it would seem, confined to the forms of arsenic oxide (As^Og), 
and arsenic sulphide (As^S^), both of which may be considered 
anhydrous acids or anhydrides, and give rise to the salts termed 
" arseniates" and " sulpharseniates." 

The Oxide (As^O^) is prepared by acting on arsenious oxide 
(ASjOg) with nitric acid : it probably unites with the elements of 
water to produce arsenic acid (Hg AsO^), which, since it easily 
yields up water on the application of heat, cannot be isolated. 
Arsenic acid forms, however, an extensive class of salts, the 
general formula for which is M3 AsO^ ; these contain water of 
crystallization, and are isomorphous with the tribasic phosphates. 
The arseniates are frequently of very characteristic colours ; the 
copper salt (Ci^HAsO^) is greenish blue, while the silver salt 
(Agj AsO^) is brownish red. 

The Sulphide is produced by the passage of hydrosulphuric 
add through acid solutions of arseniates : it is a lemon-yellow 
precipitate. 

Its formula is As^ S^. 

Athough quite insoluble in boiling water, it is very soluble in 
the hydrates, carbonates, and sulphides of potassium or ammo- 
nium, especially on the application of heat. When it dissolves 
in a soluble carbonate or hydrate, the solution contains a mix- 
ture of arseniate and sulpharseniate of the basic element intro- 
duced in the hydrate or carbonate employed. The following 
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equation represents the action, assuming, for the sake of simpli- 
city, the presence of oxide of potassium (K^O) and the formation 
of arsenic salts with 3 equivalents of basic radical : — 

4As, S,+12K,0=3K3 AsO.H-SKg AsS,. 

arseniate. sulpharseniate. 

This substance, like sulpharsenious anhydride, yields three 
series of salts, which are termed sulpharseniates, and to which 
the formula3 given below have been assigned : we take the po- 
tassium salts of the three series — K^ As^ S^, K3 AsS^, and KAsS^ ; 
the first series may perhaps be formed by the union of the second 
with the third, for Kg AsS^+KAsS3=K^ As, S^. 

The other reagents of the present and three preceding sub- 
divisions do not appear to yield any characteristic reactions with 
a solution of arsenic acid ; and, in fact, the other salts of the 
present series are not known to exist. 

The chief means employed for the recognition of arsenic in the 
arsenic combinations are the precipitation and behaviour of the 
sulphide, and the formation of the coloured arseniates of copper 
and silver. 

SALTS OF PLATHrUM. 

The metal platinum presents many features in common with 
palladium; it also resembles in some respects the metal tin. 
Platinum forms two series of combinations with salt-radicals : — 
the platinous salts, of which the chloride (PtCl) and the oxide 
(PtaO) are types; and the platinic salts, which may be repre- 
sented by the chloride (PtCl,) and the oxide (PtjO^). As in the 
case of palladium, the platinous salts must be regarded as the 
normal saline combinations of platinum, since the platinic com- 
pounds have a great tendency to yield bodies in which the plati- 
num constitutes part of the acid-radical contained in them, 
like palladic salts, platinic salts pass very readily into the lowe 
series of combinations. 

When heated before the blowpipe, either in the oxidizing or 
reducing flame, all platinum compounds are reduced to the 
metallic state with the greatest ease ; but, owing to the infusi- 

l2 
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bility of the metal, no globule, but only a black or grey powder 
is obtained; they impart no colour to the blowpipe flame, nor 
does the experiment with nitrate of cobalt yield any charac- 
teristic result. Fused with borax, platinum salts are merely 
reduced to the metallic state. 

Platinic chloride (PtCl,) readily combines with chloride of 
potassium to form a salt in which the platinum is supposed to 
form part of the salt-radical, and which is known as chloro- 
platinate of potassium (KPtClg) ; the platinic iodide, bromide, 
oxide, and sulphocyanide behave in a precisely similar manner, 
and yield perfectly analogous products. The formation of the 
chloroplatinates of potassium and ammonium forms one of the 
best means of recognizing platinum ; they may always be pro- 
duced by bringing the platinum into the higher stage of com- 
bination as a platinic salt, and then adding hydrochloric acid 
and chloride of potassium (or ammonium), when the precipitate 
KPtClg (or NH4 PtClg) forms, either immediately, or upon agita- 
tion or addition of alcohol to the liquid. 

Another test must be mentioned here as an important means 
of recognizing platinic salts : it is the action of stannous chlo- 
ride, which when added to a platinic salt produces at first a 
reddish brown tint, and subsequently a gelatinous precipitate of 
the same colour ; if the platinic solution be dilute, the colour 
of the liquid and precipitate is yellow. These precipitates are 
soluble in hydrochloric acid, giving brown solutions. 

Platinic salts are reduced most quickly by iron, cobalt, zinc, 
cadmium, and copper, the platinum separating as a black powder, 
which aggregates into laminsa. Tin effects the reduction quickly, 
but forms a compound with the platinum. Nickel, lead, silver, 
bismuth, antimony, and arsenic act more slowly. 

PLATINOUS SALTS, OB PROTO-SALTS OF PLATINUM. 

Solution for the reactions : — ^platinous chloride (PtCl) in dilate hydro- 
chloric acid. 

The principal insoluble salts of this series are the chloride, iodide, 
cyanide, hydrate, sulphide, and carbonate. 

The Chloride is obtained by heating platinic chloride, with constant 
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rtimng for some time, at the temperature of melting tin (228° 0.). By the 
simple evaporation of the aqueous solution of platinic chloride at 100° C, 
this body is also to a certain extent produced. It is a greenish grey,. or oc- 
casionally a brown powder. Its formula is FtCl. It is insoluble in water, 
but soluble in hydrochloric add, and in a solution of platinic chloride. It 
does not dissolve in nitric or sulphuric add. 

Thb Iodide is produced by the action of iodide of potassium on platinous 
chloride in the presence of water, the substances being heated together. It 
is said to be obtained also when iodide of potassium acts upon solutions 
of platinous salts, which in these cases remain at first colourless, then 
become deep brown, and after some time deposit the iodide as a heavy 
rich black predpitate, leaving the supernatant liquid colourless. Its formula 
is PtI. It is acted upon by a hot solution of iodide of potassium, which 
forms iodoplatinate of potassium (EPtIg) and leaves metallic platinum. 
The same change is slowly effected by hydriodic add in the cold, with 
formation of iodoplatinic add (HFtIg). It is insoluble in water or alcohol, 
and even in concentrated nitric, sulphuric, or hydrochloric add. 

The Ctanidb is produced by the action of cyanide of potassium on certain 
platinous salts, and by several other methods. It is a predpitate of a yel- 
lowish white colour. Its formula is FtCy. Its solubility in some menstrua 
varies with the method of its preparation ; it is, however, always soluble in 
excess of cyanide of potassium, and, it would seem, also in hydrate of ammo- 
nium. It is insoluble in water and adds. 

The Chromate does not appear to exist. 

The Hydrate is produced by the addition of warm hydrate of potassium, 
not in excess, to solutions of platinous salts, if not too dilute. It is a bulky 
black predpitate. Its formula is probably FtHO ; but if predpitated by 
hydrate of sodium, the predpitate contains sodium. It is readily soluble in 
excess of its predpitants, forming green solutions, from which it may be 
repredpitated by the addition of sulphuric add, but which, if boiled, yield 
predpitates of metallic platinum. Boiling hydrochloric add gives rise to 
the formation of chloroplatinic add and metallic platinum. 

The Sulphide ^ produced by the action of hydrosulphuric add or 
soluble sulphides on solutions of platinous salts : it is a brownish black pre- 
dpitate. Its formula is Ftj S. It dissolves in large excess of sulphide of 
ammonium, forming a brownish red solution. It is not altered by boiling 
hydrate of potassium ; tiie concentrated adds (nitrohydrochloric included) 
scarcely attack it even at the boiling temperature ; but fuming nitric add 
dissolves it after long ebullition, yielding 

The Sulphate, a very soluble salt. 

The Cabbonate is predpitated slowly when carbonate of potassium acts 
upon solutions of platinous salts ; carbonate of ammonium cannot be sub- 
stituted for the potassium salt. It is a reddish brown predpitate, the 
formula of which is unknown. 

The Oxalate, the Ferroctanide, the Febrictanide, and the Phos- 
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PHATB are not prodaoed by their respectiye reagents, and if existing at all 
are soluble. 

The other special reagents of the present and three preceding sabdivisions 
are not known to give any characteristic reactions with platinous salts. 

The chief means employed for the recognition of this series of salts is the 
behariour of the chloride, and also the precipitation of the iodide and the 
sulphide. 

PLATIOTC SALTS, OK BI-SALTS OP PLATINTTM:. 

Solution for the reactions : — platinic chloride (PtClj) in 
water. 

The principal insoluble salts of this series are the iodide, the 
cyanide, the chromate, the hydrate, and the sulphide. 

The Chxokide (PtCL,) is soluble. 

The Iodide is produced by the action of iodide of potassium on 
solutions of platinic salts, and separates after standing, or more 
readily upon warming the mixed solutions : it is a precipitate of 
a brown colour. 

Its formula is Ptl,^. 

It dissolves in alcohol with partial decomposition, giving a 
yellowish green solution ; it is not decomposed by concentrated 
sulphuric acid in the cold. It dissolves readily in hydriodic 
acid. 

The Cyanide is scarcely known, but appears to be soluble in 
eyanide of potassium, insoluble in acids. 

The Chromate is produced by the action of chromate of potas- 
sium on solutions of platinie salts : it is a deep red precipitate, the 
formula of which has not been ascertained. 

The Hydrate is produced in a pure condition only when the 
hydrates of potassium or sodium, not in excess, are added to a 
solution of platinic nitrate ; these precipitants throw down from 
most other platinic salts, potassium or sodium salts of one or 
other of the platinic acids. It is also produced by the action of 
the carbonates of the second subdivision. It is a black pre- 
cipitate. 

Its formula is PtHgO^. 

This salt is soluble in excess of its precipitants, and from 
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these solutions it is reprecipitated on the addition of acetic acid. 
It dissolves in the stronger acids. 

The Sulphide is produced by the action of hydrosulphuric add 
gas or soluble sulphides on neutral or acid solutions of aU pla- 
tinic salts ; if the platinic solution be alkaline, partial precipi- 
tation only occurs. The chloroplatinates also yield platinic sul- 
phide. It is a precipitate of a brownish black colour. 

Its formula is Pt^ S^. 

It is soluble in large excess of alkaline sulphides, especially if 
they contain ter- or penta-sulphides ; it is insoluble in hydro- 
chloric or nitric acid, but dissolves in nitro-hydrochloric. 

The Cabbokate does not appear to exist. 

The Oxalate exists, but is soluble. 

The Sulphate, the EEERocYAinDE, the FEBKiCYAinDE, and 
THE Phosphate do not appear to exist. 

The other special reagents of the present and three preceding 
subdivisions give no characteristic reactions with platinic salts. 

The formation of the insoluble chloroplatinates of potaissium 
and ammonium, as described on p. 220, constitutes the best test 
for the presence of the bi-salts of platinum. 

SALTS OF RHODIUM. 

The metal rhodium is found associated with platinum in certain ores of 
the latter metal. It forms two series of combinations with salt-radicals, only 
one of which corresponds with a series of the platinimi compounds, that is, 
the series of rhodious salts, of which the oxide is B^ O, and the chloride BCl ; 
the other series, the rhodic salts, is represented by the oxide ([B^J^Og) and 
the chloride (R2CI3). 

Salts of rhodium are reduced to the metallic state when heated before the 
blowpipe in either flame, although, as the temperature is lowered, the finely- 
divided metal reoombines with oxygen. They impart no colour to the flame, 
nor do they give any reaction with solution of nitrate of cobalt ; with borax 
they are reduced. Most salts of rhodium have a pink or red colour. 

Besides the two series of salts mentioned above, there is another series of 
more complicated character, d^ved from the rhodic salts. Of this series 
the salt K^BjOlg+aq may be taken as a representative: this salt, how- 
ever, as also that of ammonium ([NH^J^Bj^Cl^-j-aq) is comparatively 
soluble in water ; and therefore the addition of chloride of potassium or 
ammonium to rhodic chloride, although giving rise to the formation of these 
salts — ^tbe chlororhodiates of potassium or ammoniimi — does not constitute 
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80 good a test for the presence of this metal as of platinum. The chloro- 
rhodiates are insoluble in alcohol. A salt of the formula K, B^Glg+6aq 
also exists. 

The addition of a solution of stannous chloride to concentrated solutions 
of rhodic salts produces a brownish yellow precipitate, with more dilute 
solutions a yellow precipitate, and with even the most dilute a ydilow 
colouration. 

Bhodic salts are reduced to the metallic state by iron, zinc, copper, and 
mercury, but not by silver. 

RHODIOUS SALTS, OR PR0T0-8ALT8 OF RHODIUM. 

These salts are but little known ; all those which have been examined, or 
nearly all, are insoluble in water and adds, and are generally produced by 
decomposing rhodic salts. 

Thb Chloride, Oxidb, Sulphide, and Sulphate are insoluble salts. 

RHODIC SALTS. 

These salts, although not corresponding in constitution with platinic salts, 
resemble them in one remarkable feature, viz. the power which the chloride 
and oxide possess of uniting with more chlorine or oxygen, and then, as a 
compound acid-radical, of assuming a basic constituent. 

The chief insoluble salts of this series are the iodide, the hydrate, and the 
sulphide. 

Tub Chloride is soluble. 

The Iodide is produced by the addition of iodide of potassium, which 
darkens the solution, and produces, after a time, a slight yellow precipitate. 

The Ctanide and Chromatb are not produced by the appropriate reagents. 

The Hydrate is produced by the action of hydrate of potassium on solu- 
tions of rhodic salts ; more slowly by carbonate of potassium. It is a yellow 
precipitate. Hydrate of calcium produces a reddish brown precipitate. Its 
formula is said to be B^HgOg+aq. It is soluble in excess of hydrate of 
potassium, and dissolves slowly in acids. 

The hydrate or carbonate of ammonium produces, after some time, in 
solutions of rhodic salts, a lemon-yellow precipitate of rhodiate of ammo- 
nium, which is soluble in hydrochloric add. 

The Sulphide is produced by the passage of hydrosulphuric add gas, or 
the addition of soluble sulphides to warm neutral or add solutions of rhodic 
salts, or to solutions of those salts in which the metal exists as part of the 
acid-radical. It is a brown predpitate. Its formula is probably R, S3. It 
is soluble in sulphide, and to some extent in hydrate of potassium, but it is 
insoluble in excess of sulphide of ammonium ; it dissolves in hydrochloric or 
nitric add. 

The Sulphate, the Carbonate, the Oxalate, the Ferrocyanidb, thb 
Ferricyanidb, and thb Phosphate, are not produced by their several re- 
agents, or, if produced, are soluble. 
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The other special reagents of the present and three preceding groups are 
not known to give any characteristic reactions with rhodic salts. 

The precipitation of the iodide, hydrate, and sulphide, and the reaction 
with stannous chloride, are the tests chiefly made use of for the detection of 
rhodic salts. 

SALTS OF RUTHENIUM. 

This metal is found associated with platinum, and is obtained from that 
portion of the ore which is insoluble in nitro-hydrochloric acid. It unites 
to some extent the peculiarities of platinum and rhodium, since it forms 
three series of salts, of which the representatiye oxides and chlorides are 
respectively RojO and RuCl; (^02)303 and RujCl,; RujOa and RuClj. 
The two latter series, like platinum and rhodium, yield other series of com- 
plicated constitution, in which the ruthenium is thought to constitute part of 
the acid-radical. In addition to these numerous compounds, this metal forms 
with oxygen another acid-radical, at present only known in the form of a 
potassium salt (EltuOj). The colours of ruthenium salts are very varied. 

Buthenium has a greater tendency to combine with oxygen than any other 
of the metals resembling platinum, with the exception of osmium ; conse- 
quently, when its salts are heated before the blowpipe, they are not reduced 
to the metallic state, the protoxide (Bu^ O) withstanding a white heat without 
parting with its oxygen. Buthenium salts impart no colour to the flame, nor 
do they give any reactions with nitrate of cobalt or fused borax. 

This metal possessing two series of salts both capable of furnishing com- 
pound acid-radicals containing ruthenium, yields similar precipitates with 
solutions of the chlorides of potassium or ammonium as do the correspond- 
ing compounds of the two preceding metals. Thus, with ruthenium salts 
two classes of these combinations are formed : if the ruthenium be introduced 
as sesquichloride, the chlorides of potassium and ammonium produce in 
concentrated solutions dark brown crystalline precipitates (either K, Bu^ Cl^, 
or [NH4J2 Buj CI5), which are but slightly soluble in cold water, and insoluble 
in alcohol ; if, on the other hand, the bichloride of ruthenium be employed, 
the addition of a solution of chloride of potassium gives rise, particularly 
in the presence of alcohol, to the precipitation of a rose-coloured crystalline 
salt (EBUCI3). 

RUTHENIOU8 SALTS. 

These salts are of trifling analytical importance ; the chloride is almost the 
only soluble salt known, while titie oxide, which does not dissolve in acids, is 
almost the only well-defined insoluble salt which has been examined. 

8E8QUI-8ALT8 OF RUTHENIUM. 

These are better defined, more numerous, and more stable than ruthenious 
salts : they are produced by dissolving the sesqui-oxide in acids ; the sesqui- 
oiide itself being obtained by heating the finely-divided metal before the 
blowpipe until it has acquired a bluish black colour. 

L 5 
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The principal insoluble salts of this series are the hydrate and sulphide. 

The Chloride is soluble. 

The Cyanide* and the Chromatb do not appear to have been examined. 

The Hydrate is produced by the action of the hydrates or carbonates of 
potassium or sodium on sesqui-chloride of ruthenium ; it is also produced by 
a solution of phosphate of sodium, and even by one of borax, on heating. It 
is a blackish brown precipitate. Its formula is Bu^ H, O,. It is insoluble 
in excess of hydrate of potassium. 

The Sulphide is produced by the passage of hydrosulphuric add through 
a solution of the sesquichloride, or by the addition of sulphide of ammo- 
nium. Hydrosulphuric acid gives a result which is characterisHc of rttthe- 
mum : if the gas be passed until the liquid appears nearly black, and the 
latter be then filtered, the filtrate will be found to have changed from orange- 
yellow to a magnificent blue colour ; this change is said to be due to the reduc- 
tion of the sesquichloride to the state of protochloride. The sulphide is black : 
its formula is probably (Ituj)^ S3 ; it appears, howeyer, always to contain an 
admixture of sulphur. It is not perceptibly soluble in excess of sulphide of 
ammonium. 

The Sulphate and the Carbonate are not known, while the Oxalate 
is not precipitated by oxalic acid, which only decolourizes the solution of the 
sesquichloride. 

The Feerocyanide does not appear to exist ; ferrocyanide of potassium at 
first decolourizes the solution, and finally turns it bluish green. 

The Ferricyanide and the Phosphate do not appear to exist. 

The other special reagents of the present and three preceding subdiTisions 
are not known to exert any characteristic actions upon the sesqui^salts of 
ruthenium. 

RUTHENIC SALTS, OR BI-8ALTS OF RUTHENIUM. 

These salts are nearly as numerous and definite a» the sesqui-salts of ru- 
thenium. The chief salt from which they are obtained is the sulphate 
(Bu^ [S04]2), which is soluble in water, and is itself produced by digesting 
the sesqui-sulphide ([Ru^Ja S3) in nitric add. 

The chief insoluble ruthenic salt is the hydrate. 

The Chloride is not known, except in combination with chloride of 
potassium, &c. 

The Cyanide and the Chromate do not appear to have been obtained. 

The Hydrate is produced by eyaporating a solution of the sulphate to 
dryness in the presence of hydrate of potassium or carbonate of sodium. It 
is a yellowish brown gelatinous predpitate: its formula is thought to be 
EuHgOa; it generally, however, retains a portion of its predpitant. It is 
soluble in adds, yielding solutions which are rose-coloured when concen- 
trated, and yellow when dilute. 



* Mercuric cyanide colours a solution of sesquichloride of ruthenium 
blue, and produces a blue predpitate. 
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A SuLPHioB of a yellowish brown colour is produced when hydrosulphuric 
acid is passed through the aqueous solution of the salt KEuClg ; but the 
liquid, unlike the solution of the sesquichloride, remains rose-coloured. 

Thb Sulphate is soluble. 

The Carbonate, Oxalate, Febbocyanidb, Ferbictanide, and Phosphate 
do not appear to have been examined. 

The action of the other reagents upon solutions of ruthenic salts has not 
been ascertained. 

SALTS OF IRIDIUM. 

GDhis metal also occurs associated with platinum, and is obtained from that 
portion of the ore which is insoluble ; it is also found, combined with osmium, 
in separate grains, occurring in the platinum ore. In many respects it re- 
sembles ruthenium, and forms a corresponding number of combinations with 
salt-radicals, Tiz. iridious salts, represented by the oxide IrjO, and the chlo- 
ride IrOl; sesqui-salts, represented by the oxide [IrjlsOg, and the chloride 
Ir^GIg ; iridic salts, represented by the oxide Ir2 02, and the chloride IrCl^ ; 
and eren a fourth series, represented by one or two members only, the com- 
position of which does not, however, appear to haye been accurately deter- 
mined hitherto. 

Salts of iridium, when exposed to a strong heat, are reduced to the metallic 
state; the metal, howerer, when exposed to a less elevated temperature, 
oxidizes. Its salts impart no colour to the blowpipe flame, are not affected 
by the nitrate of cobalt test, and yield no characteristic result by fusion with 
borax. 

GDhe sesqui- and bi-salts of iridium present the same tendency which the 
corresponding platinum, rhodium, or ruthenium compounds exhibit, to yield 
salts containing an acid-radical of which the rare metal forms a constituent. 
Thus, the addition of the chlorides of potassium or ammonium to sesqui- 
chloride of iridium, causes the precipitation of salts, the composition of 
which, disregarding the water of crystallization in all cases, is E^Ir^Cle, 
or [NH4]3lr2Cle, while the same reagents, if added to a solution of iridic 
chloride (IrCl^), produce the salts KIrClg, or NH^IrCl). These salts are 
comparatively soluble in water, but insoluble in alcohol. The colour of the 
former class of salts is olive-green ; of the latter, a very dark red, approaching 
to black. 

Iron, zinc, tin, and most other metals (excepting gold and platinum), par- 
tially precipitate iridium as a black powder. 

IRIDIOUS SALTS, OR PROTO-SALTS OF IRIDIUM. 

The salts of this series are better defined than ruthenious salts. The 
chloride (IrCl) appears to be insoluble in water, but soluble in hydrochloric 
add, while with alkaline chlorides it unites to form the salts KlrCl^, &c. 

The hydrate, the oxide, and the sulphide appear to be well-defined in* 
soluble salts. 

The Cyanide and the Chromate do not appear to exist. 
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The Hydrate is produced by acting witii tibe carbonateB of potaasiiim or 
sodium upon solutions of the sidts Klrd, or Nalrd, : it is a greenish grey 
precipitate. Its formula is probably IrHO. It distolyes in eioess of its 
precipitants, yielding greenish yellow solutions ; it also dissolyes in adds, with 
a green colour. 

The Oxide is produced by boiling the insoluble iridious chloride (IrCl) 
in solutions of hydrate of potassium : it is a black powder. Its formula is 
Ir, O. It dissolves slightiy in excess of hydrate of potassium ; and the soln- 
tion, if exposed to the air, passes through a purple to a dark blue colour. It 
is but slightiy soluble in boiling adds. 

The Sulphide is produced by the action of sulphuretted hydrogen on 
iridious salts: when so prepared it is of a brownish-yellow colour. Its 
formula is Ir^ S. It is more soluble in sulphide of potasdum than is the 
corresponding platinous salt : it is slightiy soluble in pure water, imparting 
to it a reddish brown colour ; but this solubilily is prevented by previously 
washing the sulphide with addulated water, or a solution of chloride of 
ammonium. Nitric add converts it into iridious sulphate. 

The Sulphate is soluble. 

The Carbonate, Oxalate, Fbrbootaitidb, Febbiotaitidb, and Phosphate 
do not appear to have been examined. 

The other reagents of the present and three preceding groups are not known 
to exert any characteristic action upon solutions of iridious salts. 

8BSQUI-SALT8 OF IRIDIUM. 

These salts appear to be about as numerous as the preceding ; the chloride 
and sulphate are soluble, while the hydrate and sulphide are insoluble. 

The Hydrate is produced by the action of hydrate of potasdum upon 
the sesquichloride : it is a bulky dark brown predpitate. Q^iis decompod- 
tion does not, however, invariably occur, even when the mixture is heated ; 
but after a long time the liquid absorbs oxygen, becomes blue, and depodts 
iridic hydrate, IrHjOj. The brown sesquihydrate always contains potas- 
dum. It dissolves in acids, forming brown or dingy purple solutions. 

The Sulphide is produced by predpitating a sesqui-talt of iridium by 
hydrosulphuric add gas : it is a brownish-black predpitate. Its formula is 
(Ir3)2S3. It is somewhat soluble in solution of sulphide of potasdum; in 
water also it dissolves slightiy, colouring it yellow. Nitric add converts it 
into the sesquisulphate. 

The Sulphate is soluble. 

The action of the other reagents of the present and three preceding groups 
upon sesqui-salts of iridium has not been ascertained. 

IRIDIC SALTS, OR BI-SALTS OF IRIDIUM. 

These salts are more easy of formation than those of the preceding series, 
inasmuch as they may be easily produced from any of tiie iridium salts of 
tiie two kinds previoudy described, by merdy boiling their solutions id 
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yessels exposed to the air, or still more readily by the action of nitric acid. 
The anhydrous iridic salts are generally black, or red if powdered ; their 
solutions in water, red or dark brown when concentrated, and reddish 
yellow when dilute. 

The principal insoluble iridic salts are the iodide, the hydrate, and the 
sulphide. 

The Ohlobidb is soluble. 

The Iodide is produced by boiling iridic chloride with hydrochloric acid 
and iodide of potassium in solution : it is a black powder. Its formula is 
Irlj. It is insoluble in water and in adds. 

Thb Ctanidb and thb Chromatb are unknown. 

The Hydrate is produced by the action of hydrate of potassium not only 
upon solutions of iridic salts with the aid of heat, but also upon any of the 
chlorides of iridium at the boiling temperature : it is a bulky precipitate of 
an indigo colour. Its formula is XrH^ O^ ; but it always retains a portion of 
its precipitant. It is almost insoluble in dilute nitric or sulphuric add ; but 
it slowly dissolves in hydrochloric add, the solution being at first blue, then 
green, and lastly of a reddish brown tint. Hydrate of ammonium produces 
a brown predpitate in solutions of iridic salts, but fails to predpitate the 
whole of the metal. 

The Sulphide is produced by the action of hydrosulphuric add gas upon 
solutions of iridic salts, which at first are decolourized ; or by addition of 
sulphide of ammonium, not in excess, to solutions of iridic salts, or of salts 
in which the iridium forms part of the add-radical : it is a brown predpitate. 
Its formula is Ir^ S^. It is readily soluble in excess of sulphide of ammo- 
nium ; it dissolves in sulphide of potassium also, and to a slight extent in 
water : by the action of nitric add it is converted into iridic sulphate. 

Thb Sulphatb is soluble. 

Thb Oabbonatb is said to be produced by the action of carbonate of potas- 
sium, not by carbonate of sodium, and is described as a reddish brown pre- 
dpitate whidi gradually redissolves, leaving traces only of a brownish black 
powder. 

Thb Oxalate does not appear to exist ; oxalic add decolourizes solutions 
of iridic salts. 

Thb Fbrboctanidb does not appear to exist; fennx^anide of potassium 
only decolourizes solutions of iridic salts. 

Thb Fbbbictanidb and Phosphatb do not seem to have been examined. 

The other special reagents of the present and three preceding subdivisions 
are not known to yield any characteristic reactions with solutions of iridic salts. 

The hydrate and sulphide are the most characteristic iridic salts ; and by 
their formation the metal in this form of combination may be recognized. 

PBB-IBmiC SALTS, OB TBB-8ALTS OF IRIDIUM. 

Two only of these compounds are known, — ^the per-iridic chloride (IrCl,) 
and the oxide (Ir^Og). The chloride is soluble in water, giving a red solu- 
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tion, while the oxide is a greenifih-yellow precipitate, obtained by acting upon 
the salt K3 IrClg (3EC1, JrCl^) with hydrate of potasmum,— the salt K3 Irdf^ 
being formed by the union of chloride of potassium with per-iridic chloride. 
Per-iridio oxide is insoluble in water, and gires rise, under certain drcum- 
stances, to the salts termed iridiates (MlrOg). 

SALTS OF OSMIUM. 

The metal osmium occurs alloyed with iridium, as already stated, in 
distinct grains, with platinum ores. In many of its chemical properties it is 
thought to resemble the arsenic, phosphorus, and nitrogen group of acid- 
radicals. It dififers in many respects from the four preceding metals, and in 
no feature more remarkably than in the complete volatilily of many of its 
compounds. Osmium forms no less than six compounds with oiygen, five 
of which exist in the isolated state. With other salt-radicals, sudi as sulphur, 
the combinations of this metal are not so numerous ; five compounds with 
sulphur are known, and but four with chlorine. The first three series only 
appear to partake decidedly of what has been termed the normal saline dia- 
racter. The oxides and chlorides of these three series are the following : — 
Os, O and OsCl ; (OsJ, O3 and Os^ CI3 ; O&2 O, and OsCl^. There are then 
three series which appear to possess in a marked degree the acid character ; 
two of these are represented by the following formulfio — Ob^O^ and Osd,, 
OsjOg, while the third oxide, altliough termed osmic acid, or osmic anhydride, 
is scarcely known in combination with a basic radical, but generally appears 
as Os, O4. The colour of osmium salts is usually greenish, yellowi^ brown, 
or black. 

When heated ia the air, osmium compounds oxidize to osmic anhydride 
(OSj O4), which is a volatile compound having a pungent odour somewhat 
resembling that of chlorine or bromine. This conversion into a volatile com- 
pound precludes the application of the ordinary blowpipe test. 

Certain osmium salts present the usual characteristics of the allied rare 
metals, and yield, like them, salts in which the osmium forms part of the 
acid-radical The best-defined of these salts is K01,OsCL2, ^^ rather EOsd,, 
which crystallizes in regular octahedra of a dark brown colour, which dissolve 
in cold water, more readily in hot, and are repredpitated on the addition 
of alcohol, in the form of a vermilion-coloured crystalline powder. 

Osmium is precipitated from acid solutions of osmic anhydride (Os, O4) by 
iron, zinc, cadmium, and tin, as a blue or reddish black powder, partly sus- 
pended in the liquid, and giving it a blue or violet tint. On antimony, 
bismuth, lead, copper, mercury, and silver, osmium is deposited as a crust, 
without any blue colour. It is also reduced by ferrous sulphate, but not by 
stannous chloride. 

OSMIOUS SALTS. 

Thb Chloride (OsCl) is a green salt, soluble in water. 
The Hydrate is precipitated by the action of hydrate of potassium on a 
solution of the salt KOsCl,, and probably also by alkaline carbonates acting 
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upon osmiouB salts. It is a greenish black precipitate, which dissolyes 
slowly in acids, forming dull green solutions. 

The Sulphide is produced by hjdrosulphuric add gas acting upon solu- 
tions of osmious salts : it is a brownish yellow precipitate, slightly soluble in 
water, and which, by the action of nitric acid, yields 

The Sulphate, a soluble salt. 

The other osmious salts are either unknown or soluble in water. 

SB8QUI-8ALT8 OF OSMIUM. 

The existence of these salts appears to be doubtful. 

OSMIC SALTS, OB BI-SALT8 OF OSMIUM. 

The Chloride (OsCl^) is very soluble in water, giving a reddish yellow 
solution, from which the other osmic salts may be prepared. 

The Htdrate is produced by the action of hydrate or carbonate of po- 
tassium on solutions of osmic chloride, osmic sulphate, or of the salt KOsClg : 
it is a black precipitate, which dissolves in excess of carbonate of potassium, 
forming a dark brown solution, from which it is reprecipitated by ebullition 
or on standing. It is insoluble in acids, excepting hydrochloric. 

The Sulphide (OsjS^) is precipitated by the action of hydrosulphuric 
acid gas on solutions of osmic salts : it is a dark yellowish brown precipitate, 
which is slightly soluble in hydrate of potassium and in water, at least when 
recently precipitated, and before drying. 

The Sulphate is soluble. 

The other osmic salts are either unknown or soluble in water. 

QUADBOXIDE OF OSMIUM. 

Osmic anhydride, or, as it is more commonly called, osmic acid, must be 
noticed here, as affording the principal means of recognizing osmium. The 
osm-iridium, or platinum to be tested for osmium, should be fused with three 
parts of nitre in a crucible, and the resulting dark red mass of osmiate of 
potassium just dissolved in water, the solution mixed with sulphuric acid 
which has been diluted with its own bulk of water, and then rapidly distilled. 
The body OS2O4 (osmic anhydride) condenses as a white crystalline mass 
in the receiver, or fuses beneath the watery portion of the distillate if the 
temperature be but slightly raised. It boils and evaporates below 100° C, 
subliming at a slight elevation of temperature, and then condensing upon 
a cooler part of the receiver. Its taste resembles that of oil of cloves, and 
its odour that of chlorine or iodine. It is extremely poisonous and corrosive. 
It colours all organic substances black, from the reduction of osmium upon 
them. It is soluble in water. 

When an aqueous solution of this substance is mixed with excess of sul- 
phurous acid gas (sulphurous anhydride), a dark blue liquid is finally pro- 
duced, after the colour has passed through the stages of yellow, brown, and 
green. This blue compound is supposed to be an intermediate sulphate. 
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SALTS OF GOLD. 

A considerable resemblance exists between gold and the im- 
mediately preceding metals; the compounds which it prodnoes 
with salt-radicals are not, however, so numerous as those which 
the last five metals form. There are but two series of salts of 
gold, the aureus and auric salts ; of these the former series is 
represented by the oxide Au^O and the chloride And, the latter 
by the bodies Au,0, and AuCl,. The latter series partakes to a 
great extent of the characteristics of the platinic, iridic, and 
similar compounds ; but, in addition to these combinations, it seems 
probable that one member of a third series is known, per-auric 
oxide, Au^Oj, which may be viewed as an anhydride. 

When gold salts are heated before the blowpipe, they are re- 
duced to the metallic state ; and by an intense heat, especiaUy 
vrith the aid of a flux (borax), or carbonate of sodium, the metal 
may be fused into a malleable globule, the peculiar colour of 
which is easily recognizable. Gold salts impart no colour to the 
flame, nor do they yield any characteristic reaction with nitrate 
of cobalt. When fosed with borax, they are reduced. 

Similarly to the metals recently considered, the second series 
of gold salts gives rise to compounds in which the gold is pre- 
sumed to form part of the compound acid-radical contained in 
them. Thus, auric chloride (AuCl,) forms with chloride of po- 
tassium a salt KCl, AuCl,, or rather EAuCl^, chloraurate of po- 
tassium, — ^while, if auric iodide be added to iodide of potassium, 
iodaurate of potassium (KAuI^) is formed. These salts, however, 
being very soluble in water, do not enable us to employ their 
formation as a means of recognizing gold. 

The reaction which auric chloride exhibits when treated with 
stannous chloride (SnCl), especially if the latter reagent contain 
a trace of stannic chloride (SnCl,), is the most valuable and 
characteristic indication of the presence of gold. The solution to 
be tested should be acidified with a few drops of nitric acid, or a 
few drops of a solution of ferric chloride (Fe^Cl,) added to it, 
and then a small quantity of a solution of stannous chloride poured 
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in : if gold be present, a reddish or purplish brown precipitate or 
doad will be formed, marking the passage of the stannous solution 
as it mixes with the liquid under examination. It is better, in 
performing this experiment, to operate upon a considerable 
quantity of an extremely dilute gold solution (a drop or two of 
auric chloride in a beaker of water). This precipitate is called 
^^ purple of Gassitts** : when dry, and in fine powder, it has a dull 
blue tint. Its composition has been much discussed ; but the 
formula AuSUgOg+Saq seems a probable one. This compound 
may be prepared by placing an aqueous solution of auric chloride 
in contact with pure granulated tin. The purple of Cassius, when 
moist, is soluble in hydrate of ammonium, forming a solution of 
a magnificent reddish purple colour ; boiled in hydrate of potas- 
sium, however, or in water, it remains unchanged. Boiling 
concentrated nitric or hydrochloric acids, or dilute sulphuric acid, 
act upon it but slowly, removing the tin. 

Most metals precipitate gold &om its solutions in the metallic 
state, either as a brilliant metallic deposit, or in the form of a 
brown powder. Some metals yield a purple powder containing 
gold, oxygen, and the metal used as the precipitant. Phosphorus, 
sulphur, and many reducing agents, separate metallic gold from 
its solutions. 

One of the most characteristic tests for the presence of gold in 
a solution is the reduction of the metal effected by the addition 
of ferrous sulphate (FejSO^). If to a solution of gold containing 
1 part of metal in 80,000 parts of water, a solution of ferrous 
sulphate be added, a bright blue tint is produced ; even if the 
mixture be diluted to 320,000 parts, a pale violet colour is 
apparent. 

AUR0U8 SALTS, OB PBOTO-SALTS OF GOLD. 

There appear to be no soluble salts of this series; the insoluble salts 
known are these, — the chloride, the iodide, the oxide, and the sulphide. 

Thb Chlobide is obtained in variable quantity whenever aurio chloride is 
evaporated to dryness. The latter salt is completely converted into this 
compound, with loss of chlorine, if it be heated for some time to the melting- 
point of tin (228° C), with continued stirring. It is a yellowish white 
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powder. Its formula is AuCl. By water, especially on ebullition, it is 
resolved into auric chloride and metallic gold. 

The Iodide is produced by adding a solution of iodide of potassium, not 
in excess, to a neutral solution of auric chloride : it is a lemon-yellow cry- 
stalline powder. Its formula is Aul. It is very soluble in excess of its 
precipitant. Water and acids are without action upon it in the cold ; but 
upon raising the temperature, they decompose it into iodine and gold. 

The Oxide is obtained by the action of boiling hydrate of potassium on a 
solution of auric chloride, or on the solid aureus chloride : it is a dark green 
powder. Its formula is Au^O. It is slightly soluble in hydrate of potas- 
sium ; hydrochloric add conTerts it into auric chloride and metallic gold. 

The Sulphide i^ obtained by passing hydrosulphuric add gas through 
a boiling solution of auric chloride : it is a brownish black powder. Its 
formula is Au^ S. 

No other salts of this series ore well known. 
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Solution for the reactions : — auric chloride (AuCl,) in water. 

The principal insoluble auric salts are the iodide, the hy- 
drate, and the sulphide. 

The Chloetde (AuClg) is soluble. 

The Iodide is produced when a solution of auric chloride is 
gradually added to a solution of iodide of potsussium ; the liquid 
becomes green and deposits a green precipitate, which redis- 
solves on agitation. 

Its formula is Aulg ; but it is speedily resolved into aurous 
iodide and iodine. 

It is soluble in iodide of potassium solution. 

The Cyanide is produced by adding cyanide of potassium, not 
in excess, to a solution of auric chloride : it is a yellow precipi- 
tate. Or it may produced by adding an excess of cyanide of 
potassium, and then acidifying with hydrochloric acid. 

Its formula is probably AuCyg. 

It is insoluble, or nearly so, in dilute hydrochloric add, but 
dissolves in excess of its precipitant, forming a salt to which the 
formula KAuCy^ has been assigned, and which is much em- 
ployed in electro-gilding. 

The Hydbate is produced by the action of hydrate of potas- 
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siiim, not in exeess, and of the ordinaxy temperature, upon a 
solution of auric chloride. It is a reddish yeUow precipitate. 

Its formula is unknown. 

It dissolves in excess of its precipitant, forming aurate of 
potassium, probably KAuOjj. It is also soluble in hydrochloric 
acid, and in great excess of nitric or sulphuric acid. 

Carbonate or hydrate of ammonium added (not in excess) to a 
tolerably concentrated normal solution of auric chloride produces 
a reddish yellow precipitate of the so-called aurate of ammo- 
nium, or fulminating gold: it detonates most powerMLy after 
it has been carefully washed with hot water. Its constitution 
is obscure. 

The Sulphide is obtained by the action of hydrosulphuric 
acid gas upon auric chloride at the ordinary temperature, or by 
the action of sulphide of ammonium. It is a black precipitate. 

Its formula is Au, S3. 

It dissolves in the sulphides of potassium and ammonium, and 
in hydrate of potassium, forming sulphaurates and aurates. 
From these solutions it is reprecipitated by acids in which it is 
insoluble. In nitro-hydrochloric add, however, it dissolves. 

The Casbonate does not exist. 

The Oxalate does not exist. Oxalic acid acts upon solu- 
lutions of auric salts in a peculiar manner ; and this action con- 
stitutes one of the most characteristic tests for the presence of 
gold : when added to the gold solution (which should be pre- 
viously evaporated in the presence of hydrochloric add to ensure 
the absence of nitric acid), and the mixture boiled, the metal 
separates in the form of an orange-brown powder, or in minute 
spangles ; for ^^,;r^ 

2AuCl3+3H^C,0,=2Au+6HCl+6CO,. 

The Sulphate, the FEEBOcTAinDE, the Fekbicyanide, and 
the Phosphate do not appear to exist. 

The other special reagents of the present and three preceding 
subdivisions give no characteristic reactions with auric salts. 

The presence of gold is usually recognized by the formation 
of the malleable yellow globule, by the precipitation of the beau- 
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tdfiil purple of Cassius^ and by the reduction of the metal ef- 
fected by ferrous sulphate or oxaHc add. 

SALTS OF TUirOSTEN. 

To this and the remaining metals of the present subdiyision, many of the 
remarks made on the characteristics of arsenic apply. These elements do 
not yield true normal salts, but, uniting with several equivalents of acid- 
radicals, produce bodies which present the features of add anhydrides ; they 
are nevertheless noticed here, inasmuch as (like the analogous compounds 
of antimony and aifienic) they form certain insoluble combinations, such as 
hydrates and sulphides, which may occur among the salts of the other metak. 

Tungsten forms three combinations with oxygen, two only of which are 
represented by combinations with other acid-radicals. These oxides are 
the binoxide (W^O,) with the corresponding chloride (WCl^), and the ter- 
oxide (WaOg) with the corresponding ter-chloride (WCI3) ; the remaining 
oxide is W^ Og, and seems to be formed by the union of the two former. 

Some of the salts of tungsten are volatile; but those which are not, when 
heated before the blowpipe, are usually converted into tungstic oxide, which 
is yellow when cold, but becomes darker on heating ; in the reducing flame 
the oxide blackens, but does not fuse. When heated on platinum wire with 
carbonate of sodium, a dark yellow glass is obtained, which becomes paler, 
opaque, and crystalline, on cooling. Tungsten salts impart no colour to the 
flame. With nitrate of cobalt no reaction is obtained* Fused toith borax, 
however, on platinum wire, a clear colourless bead is formed in the oxidising 
flame; but this, if the tungstic oxide be increased in quantity, becomes 
slightly yellow, and even somewhat opaque while in the flame, and on 
cooling, milk-white. In the redticing flame with a moderate quantity of the 
oxide, the bead becomes dark yeUow while hot^ and broumish yellow on cool- 
ing, A more characteristic result is obtained if microcosmic salt be em- 
ployed instead of borax ; for in the oxidizing flatne the bead becomes pale 
yeUoWf while in the reducing floLTM it is clear blue. If, however, iron were 
present, as in testing the mineral Wolfram (tungstate of manganese and 
iron), the bead would have been of a bright red. 

With stannous chloride the salts of tungsten give a blue predpitate of the 
oxide W^Og. There are no tungsten compounds corresponding to the 
chloroplatinates, chloriridiates, and chloraurates. 

TUNGSTOUS SALTS. 

These compounds are but few in number, and, with the exception of the 
sulphide, unstable ; they are also comparatively unimportant, as the analyst 
is almost entirely concerned with the tungstic series. 

The chief insoluble salts of this series are the oxide and the sulphide. 

Thb Chloride is a volatile liquid, decomposed by water. 

The Iodide, the Ctanidb, and the Ohbomate, are unknown. 
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The Oxide is produced both by decomposing the chloride (WCi^) with 
water, and by acting on tungstio oxide (WjOg) with nascent hydrogen : the 
latter method at first produces the blue oxide. This oxide may also be ob- 
tained by heating tungstate of ammonium in a closed Tessel : it is a brown 
or yiolet brown powder. Its formula is W2O2. It dissolves in hydrate of 
potassium, with evolution of heat and formation of tungstate of potassium 
(KWOj). Hydrofluoric is the only acid which attacks it. 

The Sulphide is obtained by the action of heat on tungstic sulphide. It 
also occurs in nature. Its formula is W^ S^. Nitrohydrochloric acid con- 
verts it into tungstic oxide and sulphuric acid. 

The Sulphate, the Carbonate, the Oxalate, the Febrocyanibe, the 
Febbicyanide, and the Phosphate are unknown. 

tungstic salts. 

These compounds are chiefly recognized by the insoluble oxide and 
sulphide. 

The Chloride is a volatile liquid, decomposed by water. 

The Iodide, the Cyanide, and the Chbomate are unknown. 

The Oxide is obtained by decomposing the salts in which tungsten occurs 
as part of the acid-radical : thus the native tungstate of calcium, or the arti- 
ficial tungstate of sodium, yield the oxide when acted upon by hydrochloric 
acid. It is a yellow powder, becoming dull green when heated. Freshly 
precipitated it is gelatinous. Its formula is W^ O3. This substance is solu- 
ble in the hydrates of potassium and ammonium, forming tungstates; from 
these solutions it is reprecipitated by nearly all acids, excess of which does 
not cause its re-solution (with the single exception of phosphoric add). The 
organic acids, oxalic, citric, and tartaric, do not, however, effect the precipi- 
tation of tungstic oxide irom tungstates, if added in excess. Tungstic oxide 
dissolves in the soluble sulphides of the alkaline metals. 

The Sulphide is obtained by saturating a solution of an alkaline tung- 
state with hydrosulphuric acid, and the subsequent addition of hydrochloric 
acid. It is produced also when the oxide is dissolved in an alkaline 
sulphide, and the resulting solution reprecipitated by an acid. It is a liver- 
eoloured precipitate. Its formula is W^ S3. This compound is soluble in 
alkaline sulphides, forming a series of salts such as those described under 
antimony and arsenic : these solutions decompose in the air, finally yielding 
the tungstate and the sulphate of the alkaUne metal. Tungstic sulphide dis- 
solves in hydrate and carbonate of potassium, and less readily in hydrate of 
ammoniuni : in these cases it forms a mixture of sulphotungstate and tung- 
state, just as arsenic sulphide yields under the same conditions a mixture of 
sulpharseniate and arseniate. Timgstic sulphide is slightly soluble in water, 
colouring it yellow or brown ; heat increases this solubility. 

The Sulphate, the Carbonate, the Oxalate, the Ferrooyanidb, the 
Febriotavidb, and the Phosphate are unknown. 
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The other special reagenta of the first and three preceding BabdivisionB 
give no characteristic reactions with tungstic salts. 

Tungstic salts are chiefly recognized by their oxide and sulphide ; but the 
formation of the indigo-blue oxide by the action of nascent hydrogen is also 
characteristic, although not peculiar to this metaL 

SALTS OF MOLTBDEIHTK. 

This metal bears a considerable resemblance to the preceding; it forms, 
however, a larger number of compounds with oxygen and other salt-radicals,, 
constituting several series, which are represented respectively by the oxides 
and chlorides Mo^O and MoCl ; MojOa and MoCL^ ; Mo^Og and MoCl,, 
while between the two latter oxides there exists one called the bltte oxide, 
which is apparently intermediate or a compound of both (Mo^q O^ ?). 

Some molybdenum compounds, as the chlorides, sublime at a gentle 
heat ; those which are fixed, usually yield the oxide M03O3 when heated in 
the air. When heated on platinum wire with carbonate of sodium, the 
oxide M02 O3 gives a glass which is clear while hot, and becomes milk-white 
on cooling ; if the bead be transferred to charcoal, and heated on it, it sinks 
in, and if the mass be levigated, a steel-grey powder of the metal is obtained. 
Molybdenum compounds impart no colour to the blowpipe flame, nor does 
nitrate of cobalt yield any decisive result. With borax the bead is dark yel- 
low or red in the oxidizing flame whilst hot, and colourless or of a bluish grey 
Of aline appearance when cold, according to the amount of molybdenum pre- 
sent ; in the redttcing flame the bead becomes brown, with but a minute trace 
of molybdenum, and quite dark and opaque if a little more be added. With 
microcosmic salt in the oxidizing flame the bead is yellowish green when hot, 
and colourless when cold, and if transferred to charcoal, becomes opaque and 
bright green \ in the reducing flame the colour is of as fime a green as that 
of chromium. 

The salts of molybdenum, in which that metal exists as a compound add- 
radical combined with potassium, sodium, or anmionium (alkaline molyb- 
dates), yield with a small quantity of stannous chloride (SnCl) a Uue 
colouration ; with a larger quantity of the reagent, a blue precipitate ; and 
with a still larger amount, a green precipitate : the blue and green precipi- 
tates dissolve in sulphuric acid, yielding blue or green solutions. There are 
no combinations of molybdenum known corresponding to the chloro- 
platinates and chloraurates. 

MOLTBDOUS SALTS. 

The soluble salts of this series are of a black or deep purple colour, or, if 
dilute, of a brownish green tint ; the insoluble salts are dark grey or black 
They are generally obtained from the oxide Mo^ O3, by dissolving it in hy- 
drochloric acid and adding zinc: the liquid becomes at first blue^ then 
reddish brown, and finally black ; the molybdous chloride (MoCl) formed, 
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and present in the solution, is separated from the chloride of zinc by excess 
of hydrate of ammonium, which precipitates it as hydrate. Molybdous 
salts do not oxidize so readily as those of the next series. 

The principal insoluble molybdous salts are the chromate, the hydrate, 
the sulphide, the ferrocyanide, and the phosphate. 

The Chloride and the Iodide are soluble. 

The Cyanide is unknown. 

The Chbomatb is produced by chromate of potassium. 

The Hydrate is obtained by adding the hydrates of potassium or am- 
monium, or the carbonates of potassium or sodium, to solutions of molyb- 
dous salts: it is a brownish black precipitate. Its formula is probably 
MoHO. It is insoluble in excess of alkaline hydrates, slightly soluble in the 
carbonates of potassium, sodium, and ammonium. Becently precipitated, it 
dissolves slowly in acids ; but after ignition, by which process it is conyerted 
into the oxide (Mo^ O), it is quite insoluble in adds. 

The Sulphide is produced by the action of hydrosulphuric acid gas, as a 
brownish black, and by sulphide of ammonium as a yellowish brown pre- 
cipitate. Its composition has not been ascertained. It dissolves readUy in 
Bolphide of ammonium. 

The Sulphate, formed by dissolving molybdous hydrate in sulphuric acid, 
is soluble. 

The Carbonate is not known. 

The Oxalate is a dark grey precipitate, slightly soluble in excess of oxalic 
add. 

The Ferroctanidb is produced by the action of ferrocyanide of potassium, 
as a dark brown predpitate. 

Its composition is unknown. 

It is soluble in excess of its predpitant, and also in excess of hydrate of 
ammonium, yielding dark brown solutions. From its ammoniacal solution 
it is repredpitated upon the addition of chloride of ammonium. 

The Febricyanide is produced by the action of ferricyanide of potassium, 
as a reddish brown predpitate. 

The Phosphate is produced by the action of phosphate of sodium, as a 
dark grey predpitate, soluble in excess of molybdous chloride. 

The action, on solutions of molybdous salts, of the other special reagents of 
the present and three preceding groups, has not been ascertained in all cases. 

Molybdous salts are generally recognized by the formation of the insoluble 
hydrate and sulphide. 

MOLTBDIC salts. 

These salts are prepared by dissolving molybdic hydrate in the various 
adds. They may also be prepared by digesting excess of metallic molybdenum 
in a solution of per-molybdio oxide (Mo^Og) in that add whose molybdic 
salt we desire to obtain. In the anhydrous state these salts are black ; but 
when in solution, ov combination with water, red or reddish brown. 
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The principal insoluble salts are the chromate, the hydrate, tlie sulphide, 
the ferrooyanide, and the phosphate. 

The Chloride and the Iodide are soluble. 

The Cyanide is unknown. 

The Chromate is produced by the action of chromate of potassium. It ii 
precipitated in greyish yellow flakes, which are insoluble in water. 

The Hydrtkte is obtained by the action of the hydrates of potassium or 
ammonium, or of the carbonates of potassium or sodium, on solutions of 
molybdic salts. It is a reddish brown precipitate, which beoomee nearly 
black on drying. The formula is probably MoH^O^. It is insoluble in 
excess of the alkaline hydrates, but soluble in the carbonates ; slightly soluble 
in water, to which it imparts a yellow or red tint. It is reprecipitated from 
its aqueous solution by chloride of ammonium and some other salts. It 
dissolyes in acids. 

The Sulphide is produced after some time, by the passage of hydro- 
sulphuric add gas through molybdic salts, as a brown precipitate, or l^ tiie 
addition of sulphide of ammonium, as a yellowish brown precipitate. Its 
formula is Mo^S^. It dissolves in sulphydrate of ammonium. It is easily 
soluble in nitric acid, while it is decomposed by sulphuric acid on ebullition, 
evolving the gas termed anhydrous sulphurous add (SO^X and yielding a 
blue solution. 

The Sulphate and the Oxalate are soluble. 

The Carbonate does not appear to exist 

The Fbrroctanide is produced by ferrocyanide of potassium, as a dark 
brown predpitate insoluble in excess of its predpitant, but soluble in hydrate 
of ammonium ; from this solution it is repredpitated by chloride of ammonium. 

The Ferrictanide is produced by ferricyanide of potassium, as a dark 
brown predpitate insoluble in excess of its predpitant. 

The Phosphate is produced by phosphate of sodium, as a brownish white 
predpitate. 

The action, on M-salts of molybdenum, of the other spedal reagents of the 
present and three preceding subdivisions, has not, in many cases at leasts 
been well ascertained. 

The hydrate and the sulphide are the most characteristio salts of the series. 

Between the bi-salts and ter-salts of molybdenum, the characteristic blub 
Oxide of molybdenum occurs : it is obtained by the oxidation of the lower, 
or the reduction of the higher oxides. 

Its formula is doubtful. 

It is soluble in water, but repredpitated from its aqueous solution bydilo- 
ride of ammonium. 

ter-salts of molybdenum. 

The oxide of this series is commonly called molybdic add ; it is reaU/ 
anhydrous molybdic add, or molybdic anhydride, and yidds salts in which 
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the molybdenum constitutes part of the add-radical. Other ter-salts of 
molybdenum exist in addition to the oxide (MO3O3): they are chiefly 
formed by dissolving the latter in acids. 

The chief insoluble compounds of this series are the oxide, the sulphide, the 
ferrocyanide, and the ferricyanide. 

The Chloaide, thb Iodide, and the Cyanide, if existing at all, are pro- 
bably soluble. 

The Chbomate is unknown. 

The 0zid6 is produced by oxidizing one of the longer oxides or hydrates 
by nitric acid, or by roasting the native sulphide. It is a white crystalline 
body, which melts at a red heat to a yellow liquid. Its formula is Mo^ O3. 
It dissolves in the hydrates of potassium and ammonium, forming the mo- 
lybdates EMoO,, and NH^ M0O3. There are several series of molybdates — 
basic, normal, and acid ; the alkaline molybdates only, such as those just 
mentioned, are readily soluble in water. The oxide (MOgO,) dissolves in 500 
parts of cold, or 960 of hot water ; before ignition it is soluble in many 
acids. 

The Sulphide is produced by saturating a solution of an alkaline molyb- 
date with hydrosulphuric acid gas, whereby an alkaline sulphomolybdate is 
first formed (KMoOa-f2Ha S=KMoSj 4- 2tt, O) ; the sulphomolybdate is then 
decomposed by the addition of hydrochloric acid (2EHoS2+2HCl=Mo3 S3 
4-H2S+2EGI). It is a brown precipitate. Acid solutions of molybdic an- 
hydride (MO3O3) are coloured blue when hydrosulphuric acid is first passed 
through them : after a time, a brown precipitate of the ter-sulphide contain- 
ing free sulphur occurs ; but the molybdenum is never wholly precipitated. 
The formula of the brown sulphide is Moj, S3. It dissolves in the hydrates 
and sulphides of the first subdivision, forming the sulphomolybdates. 

The Sulphate, obtained by acting on molybdate of barium with sulphuric 
acid, is soluble. 

The Carbonate does not exist. 

The Oxalate is soluble. 

The Fbrroctanide is produced by adding ferrocyanide of potassium to 
an acid solution of molybdic anhydride (M3O3), and appears as a reddish 
precipitate, which dissolves in excess of its precipitant, and also (with de- 
composition) in hydrate of ammonium. 

The Febrictanide is produced by ferricyanide of potassium as a pale 
reddish brown precipitate, which is soluble in hydrate of ammonium. 

The Phosphate is scarcely known. 

The other special reagents of the present and three preceding subdivisions 
are not known to give any decisive results with solutions of ter-molybdie 
salts, or of the molybdates. 

The most characteristic salts of this series are the oxide and the sulphide. 
together with the derivatives of the oxide known as the " molybdates." 



M 
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SALTS OF TANADIUM. 

This metal resembles molybdenum in forming a considerable number of 
different combinations with oxygen and other salt-radicals. The first series, 
that of Tanadious salts, is represented only by the oxide YaO, which is dis- 
solved by nitric acid alone, and which, if exposed to the air, passes into 
vanadio oxide. The second series, that of yanadic salts, is represented by 
the oxide Y^ O^, and the chloride YCL,, — ^whilst the third series, that of the 
ter-salts of vanadium, is typified by the oxide Y^Og (the anhydrous vana- 
dio acid) and the chloride YCI3. Between the oxides of tlie two latter 
series there are certain other oxides of a blue or green colour. 

The metal zinc precipitates metallic vanadium from its solutions. 

VANADIC SALTS, OB BI-SALTS OF VANADIUM. 

The anhydrous salts of this series are green or brown, while their solu- 
tions are of a blue colour, which varies in intensity with different salts, and 
which often changes to a green by oxidation. The oxide is prepared by the 
ignition of vanadite of ammonium ; it dissolves slowly in adds. 

The principal insoluble salts are the cyanide, the hydrate, the ferrocya- 
nide, and the ferricyanide. 

The Ctanidb is formed by digesting the hydrate in a solution of hydro- 
cyanic acid, as a dark-brown gelatinous mass, which is soluble in cyanide of 
potassium. 

The Chloride, the Iodide, and the Chbomatb are soluble. 

The Hydrate is hest produced by precipitating a vanadic salt (through 
the solution of which hydrosulphurio acid gas has been passed, in order to 
reduce the vanadic oxide) by slight excess of carbonate of sodium. The 
precipitate is greyish white : and the liquid should be left perfectly colour- 
less ; for if blue, carbonate of sodium enough has not been added, while, if 
green, vanadic oxide is present. The grey precipitate, if exposed to the air, 
speedily becomes brown. Its composition has not been ascertained. It 
dissolves in excess of alkaline hydrates, forming brown solutions containing 
vanadites ; from these solutions it is reprecipitated by more alkaline hydrate. 
In neutral or acid alkaline carbonates it dissolves, forming pale blue so- 
lutions. 

Solutions of vanadic salts (also the insoluble hydrate), when mixed with 
excess of hydrate of ammonium, yield a brown precipitate of vanadUe of 
ammonium, in which the vanadium enters as a constituent of the acid- 
radical. Yanadite of ammonium is insoluble in hydrate of ammonium, 
but dissolves in water, with a brown colour. 

The Sulphide is not produced by hydrosulphurio acid gas ; but by the 
addition of alkaline sulphydrates {e. g. NH^ HS) to solutions of vanadic salts, 
a brownish black precipitate is obtained. Its composition is Y^ Sj. It dis- 
solves in excess of its precipitants, forming solutions of a beautiful purplish 
colour ; it dissolves also in a boiling solution of carbonate of sodium, with a 
brownish yellow colour. It is not affected by hydrochloric or sulphuric 
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add ; but by nitric add it is converted into vanadic sulphate, which is a 
soluble salt. 

The Carbonate and the Oxalate seem to be soluble. 

Th6 Fdrrocyailide is produced by the action of ferrocyanide of potas- 
sium : it is a bulkj, lemon- yellow predpitate, which becomes green by expo- 
sure to the air. 

The Ferbictanide is produced by ferric^anide of potassium, as a gelatinous 
yellow-green predpitate. 

The Phosphate is soluble. 

In most instances the other special reagents of the present and three pre- 
ceding subdivisions have been found to give no characteristic reactions with 
vanadic salts ; the action of others has not been ascertained. 

The insoluble hydrate, sulphide, and ferrocyanide are the most character- 
istic vanadic salts. 

TEB-SALTS OF VANADIUM. 

The oxide of this series (Y, O3) plays the same part as the corresponding 
oxide of molybdenum ; and this metal occurs in nature in the form of a 
vanadiate, just as molybdenum occurs as a molybdate. Several salts, how- 
ever, containing other salt-radicals than oxygen, belong to the ter- or per- 
vanadic series. The vanadiates are colourless, yellow, or occasionally red, — 
while the ter-salts are also generally red or yellow, and give solutions of the 
same colour: by the action of reducing agents {e,g. H^S or HjO) they 
become blue. 

The Chloride (VCI3) is a liquid which dissolves in large excess of water, 
forming a pale yellow solution, which decomposes in a few days, becoming 
green or blue, and evolving chlorine, and forming the bichloride YCl^. 

The Iodide and the Chromate are unknown. 

The Oxide is produced by the action of nitric add on the lower oxides, or 
directly from the ores ; it may also be obtained by the action of the hydrates 
of potassium or ammonium on vanadic salts. It is a reddish yellow or brick- 
red predpitate. Its formula is Y, O3. It dissolves in the hydrates of potas- 
sium and ammonium, forming vanadiates, the solutions of which are yellow 
or brown (most metallic vanadiates are soluble). 1 part of ter-oxide requires 
1000 parts of boiling water for solution. It dissolves readily in adds. 

Th6 Sulpbido is not produced by hydrosulphurio add gas ; but by the 
addition of sulphydrate of ammonium a brown predpitate falls. Its formula 
is Y3 S3. It dissolves in the hydrates, sulphides, and carbonates of the first 
subdivision, forming sulphovanadiates. It is not decomposed by sulphuric 

add. 

The Sulphate is soluble. 

The Carbonate does not exist. 

The Oxalate is soluble. 

The Ferrocyanide is produced by ferrocyanide of potassium, as a beautiful 
green predpitate, which is insoluble in adds. 

m2 
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The Ferrictanide is unknown. 

The Phosphate is yellow, and comparatiyely soluble in water. 

The other special reagents of the present and three preceding subdiTisions 
have generally been found to give no characteristic reactions with ter-salts of 
yanadium. 

Ter-salts of vanadium may be recognized best by the formation and re» 
actions of the oxide, and also of the sulphide. 

SALTS OF selenium AND TELLURIUM. 

These two bodies, which will be fully treated of in the next Chapter, are 
mentioned here because they are precipitated as sulphides from their add 
solutions, in conjunction with the members of the fourth subdivision, by the 
passage of hydrosulphuric add gas. 

The Sulphide of selenium is yellow. Its formula is SeS^. It dissolves 
in excess of sulphydrate of ammonium. 

If the sulphide be dissolved in nitrohydrochloric acid and evaporated to 
dryness, selenious anhydride (SeO^) will be obtained, which may be recog- 
nized by the following reactions : — 

a. If a portion be dissolved in water, with which it combines to form sele- 
nious acid (H, SeO^), and some hydrochloric add and a strip of zinc be then 
introduced into the solution, the zinc will become coated with a copper- 
coloured film, and subsequently red or red-broum flocks of selenium are 
deposited. 

(3. If another portion of the selenious anhydride, or some of the predpi- 
tated selenium of experiment a. be dried at a gentle heat, and then volatilized 
before the blowpipe flame, a pectdiar odour ^ resembling that of horse-radisht 
is perceived. 

The Sulphide of tellurium is a dark brown predpitate. Its formula is 
TeSj. It is soluble in excess of sulphydrate of ammonium, and in boiling 
solutions of the hydrates of potassium and sodium, yielding salts known as 
sulphotellurites. 

We now subjoin a method for the analysis of the 2nd Section 
of this subdivision, supposing that we have one only of its im- 
portant members present. The Table for the 1st Section has 
been already given (p. 190). 

On pp. 246 and 247, the synopsis of reactions will be found. 
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Analysis of Subdivision lY. 

Section II. — Salts of metals which form Sulphides soluble in Sulphide of 

Ammonium. 

The salt may be one of TIN, ANTIMOJSTY, AESENIC, PLA- 
TINUM, or GOLD. 



If , as is probable, it is a sulphide, wash thoroughly; add hydrochloric 
acid ; boil, and add, while boiling, a few drops of mtric acid, drop by drop, 
until the precipitate is dissolyed. Pour uie solution down the funn^- 
tube of a hydrogen apparatus fitted with an " arsenic-tube" (see p. 213). 
Apply the neat of a spurit-lamp, urged by a blowpipe, to the arsenic-tube. 
The formation of a mirror after the lapse of a few minutes indicates 



the presence 

of 
Arsenic or 
Antimony. 
Dissolye uie 
mirror out of 
the tube by a 
drop of hot 
nitric acid ; 
evaporate in 
a porcelain 
dish to dry- 
ness at 100'' 
C. ; redissolye 
in a drop of 
water, ana add 
nitrate of 
silver. 
A yellow or 
red precipitate 
indicates 
Arsenic; 
no change 
indicates 
Antimony. 



If no mirror is obtained when the action in the hydro- 
gen apparatus has ceased, brush the black powder which is 
found, carefully from the surface of the zinc ; it may contain 

Tin, Antimony, Platinum, or Gold. 
Wash it by decantation, boil it with hydrochloric acid, and filter. 



Any residue indicates the 

presence of 

Platinum or Gold. 

Boil in hydrochloric acid, 

and add a drop or two of 

nitric acid, just to dissolve ; 

boil to decompose any nitric 

add remaining, then add 

some concentrated solution 

of oxalic acid, and keep 

warm for some time. 



A brown 
precipitate, 
or yellow 
metallic 
spangles, in- 
dicates the 
presence of 
Gold. 



If no pre- 
cipitate occurs, 
the solution 
should be 
neutralized 
with ammonia; 
a yellow 
precipitate 
will indicate 
the presence of 
Platinum. 



Perfect solution indicates the 

presence of 

Tin or Antimony. 

Boil the hydrochloric solution, 

add a drop or two of nitric 

add, or a crystal of chlorate 

of potassium ; cool, and add 

excess of solution of sesqui- 

carbonate of ammoniimi : 

the formation of a predpitate 

insoluble in excess indicates 



the presence of 

Tin. 
This should be 
verified by re- 
ducing this 
precipitete by 
fusion with 
cyanide of 
potassium, 
dissolving the 
washed metal 
in hydrochloric 
acio, and test- 
ing it with pro- 
tochloride of 



mercury: a 

white or grey 

predpitate 

indicates 

Tin. 



The solution 

may contain 

Antimony. 

Pass hydro- 

sulphuric add 

gas into it, 

and then 

addify with 

hydrochloric 

add: a 

reddish-orange 

predpitate 

indicates the 

presence of 

Antimony. 
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TABLE OF 



BxAcnoirs. 



SiL 

(Stumooa nlfei.) 



(see page 192) (see page 196) (see page 204) (see page 207) 



SlL 

(Stannic nlfei.) 



Sb. 

(Antimonioii* 

Mdto.) 



Sb. 

(AntiBMmieMlto) 



Chloride 
Iodide ... 
Cyanide... 
Chromate 
Hydrate... 
Glide 



Oxychloride ... 

Sulphide 

Sulphate 

Carbonate 

Oxalate 

Ferrocyanide... 
Ferri(^^anide . . . 
Phosphate 



/ yeUowiah 1 
1 wHte ; 

* 

{jellowiah | 
white J 

white 
oliye 

white 

{brownish 1 
black ; 



orange 

* 
yellow 
white 
white 

yellow 



{ 



{ 



whitecry- 1 
staUine j 

white 
white 
white 



r brownish 1 
\ yellow J 



white 



brownish 1 
yellow J 

white 

white 

orange-red 

white 

* 

white 
white 

white 



{ 



white 
white 

orange- 1 
yellow J 



Blowpipe 

BeACTI058. 



With carbonate of sodium 
in the reducing flame (on 
charcoal), stfuonous and 
stannic salts yield a mal- 
leable globule of tin. The 
incrustation on the char- 
coal is white. 



With carbonate of sodium 
in the reducing flame (on 
charcoal), antimonious and 
antimonic salts yield a 
britde globule of anti- 
mony, and a bloiah white 
incrustation. 



* Signifies that a precipitation occurs, but not 
4. Signifies that the precipitate which is formed oonaiits of 
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KEACnONS. 





As. 


As, 


Pt 


Ail 




(Anenioas Mdts.) 


(Anenic Mdto.) 


(Platinic MdtoO 


(Auric salto.) 




(flee page 215) 


(see page 218) 


(see page 222) 


(see page 234) 


1 


— 




brown 


green 




— 


— 


? 


yellow 




— 




deep red 






— 


— 


black 


r reddish 1 
\ yellow J 




white 


white 


— 


brown 




yellow 


yellow 


r brownish 1 
1 black J 

* 


black 




? 


— 


— 


— 






The metal is 

reduced, and 

appears as a black 

or grey powder, 

when platinum 

salts are heated 

with carbonate of 

sodium (or alone) 

in either flame. 


The metal is 
reduced, and 
appears 88 a 

maUeableglobule, 
if a suincient 

temperature has 
be^ attained. 




AneniouB and arsenic salts, when 
heated to redness on charcoal, in 
the reducing flame, emit a cha- 
racteristic garlic odour, and, when 
haaJboA in a tube ^osed at one end) 
wilii a mixture of carbonate of so- 
dium and charcoal, giye a black 
lustrous mirror. (See page 210.) 



of the salt indicated in the horizontal column. 

the salt indicated in the horizontal column next below. 
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CHAPTER VII. 

DETECTION OF THE ACID-RADICALS IN THEIR 

COMPOUNDS. 

The reactions of the basic radicals having been folly described in 
the preceding Chapter^ the stndent may now acquaint himself 
with the tests by the application of which the presence or ab- 
sence of the acid-radicals is determined. 

The slightest consideration wiU show that^ to a great extent, 
the same means which serve for the detection of the basic con- 
stituents of salts will also be available for the recognition of their 
acid-radical ; for it is obvious that, if a soluble chloride produces 
a white, curdy, insoluble precipitate in solutions of silver salts, 
a solution of a silver salt will prove an equally certain test 
for the presence of a soluble chloride. Still, owing to the nu- 
merous broad distinctions, physical and chemical, which exist 
between the two classes of radicals themselves, other means of 
no less decisive nature are at hand in abundance, by the employ- 
ment of which, the class and also the individual characteristics of 
the acid constituent present in any given salt can be determined. 

A few remarks upon each of these methods of testing may not 
be out of place as an introduction to the present Chapter. And, 
firstly,— 0/ the detection of the acid-radical hy the formation of 
certain saline compounds of weU-dejmed chemical or physical pro- 
perties. As just now stated, a very large number of salts (easily 
recognizable by such characteristics as the following, — solubility 
in certain menstrua and insolubility in others, or insolubility in 
aU, or again, the possession of some remarkable features of form 
or colour) are employed in common, as the products by the for- 
mation of which the presence either of the basic or of the acid- 
radical contained in them can be safely predicated. 

Thus chloropladnic acid (HPtClg), usually employed as the test for the 
presence of potassium, may itself be recognized by the employment, as a 
reagent, of a soluble salt of potassium. Sulphuric acid, ofben employed to 
detect the presence of barium, may itself be recognized infallibly by a soluble 
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barium salt. The presence of mercury in a solution may be evidenced by 
the action of a soluble chromate, which, in its turn, may be recognized by 
a mercury salt. Lead may be detected by hydrosulphuric acid, and hydro- 
sulphuric add by lead. By these instances it may therefore be seen, that the 
same reaction differently applied may be used to indicate both a basic and 
an add-radicaL Nor, be it obserred, is it necessary that the hydrogen salt 
of the acid-radical be employed ; in almost every instance (as in the third 
of the examples just given), any salt will be as efficient as the acid itself or 
salt of hydrogen, provided only it be soluble : thus, in the cases cited above, 
chloroplatinate of sodium is as good a predpitant as chloroplatinate of 
hydrogen, i. e. chloroplatinic add ; the sulphides and sulphates of potassium, 
sodiiun, and ammonium act equally well with the adds themselves, i. e. the 
corresponding salts of hydrogen, the hydrosulphuric and sulphuric adds. 
And indeed it frequently happens that the desired reaction does not take 
place when the add is employed, but only upon the addition of some other 
than the hydrogen salt ; the reason of this may be stated to consist in this, — 
that the hydrogen compound or add liberated at the time of the formation 
of the new compound, either keeps that compound completely in solution, or 
prevents its entire predpitation. Thus, if hydrosulphuric add (H^S) be 
added to ferrous chloride (FeCl), no sulphide of iron (Fe^ S) falls, since this 
ferrous sulphide is soluble in hydrochloric add, the necessary complementary 
product of the reaction. But if, on the other hand, a soluble sulphide, such 
as the sulphide of potassium, sodium, ammonium, barium, strontium, or 
caldum, be added to ferrous chloride, an immediate predpitation of ferrous 
sulphide occurs ; for it is no longer the chloride of hydrogen, i. e. hydro- 
chloric add, which forms the secondary product of the reaction, but the 
chloride of a far more powerfully basic radical, a chloride therefore which 
exerte no decomposing or solvent action on the ferrous sulphide : in this case 
the reaction is as follows : — 

K, S+2FeCl=Fe2 S+2Ka. 
piedp. 

Occasionally, as the student will have already observed in the 
reactions employed to detect the basic radicals, the recognition of 
substances does not depend upon the formation of a salt of ex- 
treme insolubility, or of remarkable physical features of form or 
colour, but upon the production of a body which is readily vola- 
tiHzable, aitid possessed of an easily recognized odour. 

The detection of the basic radical ammonium depends upon a decomposi- 
tion of this kind, which the following equation will recall : — 

NH^a+KHO=NH^ HO+Ka. 
In this case the hydrate of ammonium is resolved immediately into the gas 
ammonia (NH3) and water (H^ O) ; and ammonia is remarkable for a peculiar 

M 5 
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and pungent odour. Upon a similar formation of an odorouft and Yolatiie 
body depends, in great measure, the recognition of the presenoe of the aeetic 
add-radioal. To the substance supposed to be or contain an acetate, sul- 
phuric acid and alcohol (C, H, HO) are added, and the mixture heated. The 
former reagent will produce, with an acetate, acetic acid («. e. acetate of hy- 
drogen) (HC2H3O2 or HA); and this, acting in the nascent state on the 
alcohol or hydrate of ethyle (0, H^ HO, or EHO), yields a fragrant body, the 
acetate of ethyle, thus — 

HA+BHO=H,0+Ei. 

acetate of 
ethyle. 

The acetate of ethyle, or acetic ether, is volatilized at the temperature em- 
ployed, and, possessing a most peculiar and agreeable fruity odour, is easily 
identijQed. 

We will now consider briefly the second method of detecting 
acid-radicals, by the actual elimination of the acid-radical itself, 
and ihe svhsequent identification of its peculiar properties. And 
here it must be borne in mind, that a great distinction must 
necessarily exist between the behayiour of the add- and basic 
radicals, simply on account of their inherent nature. The basic 
radicals with which the student has been made acquainted, and 
which occur in great abundance, are (with a few exceptions) 
elements, and, moreover, they are all (ammonium, mercury, and 
hydrogen only excepted) solid at the ordinary temperature. On 
the other hand, however, more than half of the add-radicals of 
common occurrence, and almost all the rarer ones, are compound 
bodies, which are characterized by great diversity of physical 
condition, several being gaseous, some liquid, and others solid. 
The fact of a body being compound frequently adds to our facili- 
ties of recognizing it ; for, in addition to any peculiarities which 
it may exhibit as a compound, we have other dues to its pre- 
sence in the characteristic properties which its constituents may 
individually manifest when, by its decomposition, they have been 
set free. In fact, those add-radicals which are complex cannot, 
with but few exceptions, be obtained in the isolated condition, 
but are resolved either into other and generally simpler com- 
pounds, or into their elementary constituents. Whilst, therefore, 
we indubitably prove the presence of an elementary add-radical by 
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obtaming it in the firee state and examining its properties, we no 
less distinctly show the existence of a compound acid-radical 
when we observe some of the well-ascertained features of the 
decomposition which it undergoes when liberated. 

To illustrate the foregoing cases, we will take two examples. When chlorine 
acts upon a bromide, decomposition ensues, with separation of the element 
bromine, the peculiar features of which, such as the yellow colour which it 
imparts to a solvent, or the orange tint which starch-paper exposed to its 
vapour assumes, or its peculiar suffocating odour, may be immediately re- 
cognized — 

MBr4-Cl=Ma-4-Br. 

But if, on the other hand, we deal not with an elementary, but with a com- 
pound acid-radical, such as that existing in the oxalates, by treating the salt 
in such a manner as to decompose it into new and characteristic products, 
the latter firequently furnish us with good proof of the previous existence of 
the compound acid-radical. These products, in the case of the oxalates, are 
the two gases carbonic anhydride (CO^) and carbonic oxide (CO) ; and they 
are obtained by the action of sulphuric acid upon oxalates, the decomposition 
being aided by heat, thus — 

Ma Ca 0^+2H2 SO^rrMa SO^+H^ SO,, H, O+COj+CO. 

hydnte of sulphuric 
add. 

The more easily recognizable gaseous product, or at least the more charac- 
teristic, is carbonic oxide (CO), which, when the carbonic anhydride (COj) 
has been removed by an appropriate agent, may be readily kindled on the 
application of a light, burning with a blue flame. 

The preceding hints wiU perhaps suffice to show the general 
principles upon which the detection of acid-radicals is based, and 
to exhibit the chief points in which their reactions resemble, and 
also those in which they differ from the reactions of the basic 
radicals. We now proceed to detail these reactions, adopting the 
subdivisions which have already been chosen in the description 
of the acid elements. The classification of the acid-radicals is 
thus entirely founded upon the chemical characters of each group, 
and not upon their similarity in an analytical point of view. 

1. Salts containing the acid-radicals of Subdivision I. (page 17). 

Salts of Chlobiite, Beomine, Iodhste, akd Fltjobute, akd op 
the chiep compotjin) acid-badicals into the composition 

OP WHICH THEY ENTEB. 
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2. Salts containing the add-radicals of SubdiviBion II. (p. 18). 

Salts op Oxtgeit , Sulphttb, Seleiotjm, aitd Tellubittm, and 
of the chief comfoxjin) acid-badicals dtto the composi- 
TION OF WHICH THEY ENTEE. 

3. Salts containing the add-radicals of Subdiyision III. 
(p. 18). 

Salts of Caebon, Bobon, Silicon, Tantalum, Niobium, 
Pelopium, and Titanium, and of the chief compound 
acid-radicals into the composition of which they enteb. 

4. Salts containing the acid-radic6kls of Subdivision lY. 
(p. 18). 

Salts of Nitrogen, Phosphorus, Arsenic, and Antimony, 
and of the compound acid-radicals into the composition 

OF WHICH THEY ENTER. 

SUBDIVISION I. 

SALTS OF CHLORINE, BROMINE, IODINE, AND FLUO- 
RINE, AND OF THE CHIEF COMPOUND ACID-RADI- 
CALS INTO THE COMPOSITION OF WHICH THEY 
ENTER. 

The three first-named members of this Subdivision present the 
most striking resemblance to each other, both in the salts which 
they form by simple union with the basic radicals, and also in 
those in which they exist as a part only of a compound add- 
radical. Fluorine differs in many respects, and in none more 
decisively than in not forming compound add-radicals similar to 
those which the other members of the group are known to yield. 

In the farther arrangement of the present Subdivision, as also 
in the arrangement of those which follow, we take advantage of 
the differing chemical constitution of the members, and not of any 
analytical characteristics which they may present. In accord- 
ance vnth this plan, we now proceed to divide the present group 
into three Sections, as follows : — 
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Section I.— SALTS OP CHLOBINE, BEOMINB, IODINE, AND 
FLUORINE. 

The chlorides, bromides, iodides, and fluorides. 

Section II.— SALTS OF THE ACID-BADICALS WHICH CONTAIN 
CHLORINE, BROMINE, AND IODINE COMBINED WITH 
OXYGEN. 

The hypochlorites, chlorites, chlorates, perchlorates, hypo- 
bromites, bromates, iodites, iodates, and periodates. 

Section IH.— SALTS OF THE ACID-RADICALS WHICH CONTAIN 
CHLORINE, BROMINE, AND IODINE COMBINED WITH 
METALS. 

The chloropaUadiates, chloroplatinates, (Mororhodiates, chloro- 
rutheniates, chloriridiates, and chloraurates. 

Section I. — The chlorides y bromides, iodides, and fluorides, 

SALTS OF CHLORINE, BROMINE, IODINE, AND FLUORINE. 

The radicals of this Section are monobasic, and when com- 
bining with monatomic basic radicak yield compounds having the 
general formula MR. They are detected by both the methods 
described in the preliminary observations to the present Chapter, 
i. e, both by presenting to a soluble chloride, bromide, iodide, or 
fluoride a soluble salt of some basic radical known to form, with 
the acid element sought for, an insoluble salt of easlLy recogniz- 
able properties, — and also by submittuig the chloride, bromide, 
or iodide to such decomposing influences as are calculated to 
eliminate their acid-radical. 

SALTS OF CHLOBINE, OB CHLOBIDES. 

These salts are for the most part soluble in water, sparingly 
soluble in alcohol, and nearly insoluble in ether. Their formulae 
vary according to the atomic nature of the combined basic con- 
stituent ; but the following are the most usual : — 

M,C1, MCI, M^Cl,, MCI,, and MO,. 

When heated before the blowpipe on charcoal, the deportment 
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2. Salts containing the add-radicals of Subdivision 11. (p. 18). 

Salts op Oxtgeit , Sulphttb, Seleiotjm, aitd Telltjbittm, akd 
of the chief compound acid-badicals ibto the composi- 
TION OP WHICH THEY ENTEB. 

3. Salts containing the add-radicals of Subdivision in. 

(p. 18). 

Salts of Cabbon, Bobon, Silicon, Tantalum, Niobium, 
Pelopium, and Titanium, and of the chief compound 
acid-badicals into the composition of which they enteb. 

4. Salts containing the acid-radicals of Subdivision lY. 
(p. 18). 

Salts of Nitbogen, Phosphobus, Absenic, and Antimony, 
and of the compound acid-badicals into the composition 

OF WHICH THEY ENTEB. 

SUBDIVISION I. 

SALTS OF CHLORINE, BROMINE, IODINE, AND FLUO- 
RINE, AND OF THE CHIEF COMPOUND ACID-RADI- 
CALS INTO THE COMPOSITION OF WHICH THEY 
ENTER. 

The three first-named members of this Subdivision present the 
most striking resemblance to each other, both in the salts which 
they form by simple union with the basic radicals, and also in 
those in which they exist as a part only of a compound acid- 
radical. Fluorine differs in many respects, and in none more 
decisively than in not forming compound add-radicals similar to 
those which the other members of the group are known to yield. 

In the farther arrangement of the present Subdivision, as also 
in the arrangement of those which follow, we take advantage of 
the differing chemical constitution of the members, and not of any 
analytical characteristics which they may present. In accord- 
ance vnth. this plan, we now proceed to divide the present group 
into three Sections, as follows : — 
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Section I.— SALTS OP CHLORINE, BROMINB, IODINE, AND 
FLUORINE. 

The chlorides, hromides, iodides, and fluorides. 

Section II.— SALTS OF THE ACID-BADICALS WHICH CONTAIN 
CHLORINE, BROMINE, AND IODINE COMBINED WITH 
OXYGEN. 

The hypochlorites, chlorites, chlorates, perchlorates, hypo- 
bromites, bromates, iodites, iodates, and periodates. 

Section IH.— SALTS OF THE ACID-RADICALS WHICH CONTAIN 
CHLORINE, BROMINE, AND IODINE COMBINED WITH 
METALS. 

The chloropaUadiates, chloroplatinates, (Mororhodiates, chloro- 
mtheniates, chloriridiates, and chloraurates. 

Section I. — The chlorides, bromides, iodides, and fluorides, 

SALTS OF CHLORINE, BROMINE, IODINE, AND FLUORINE. 

The radicals of this Section are monobasic, and when com- 
bining with monatomic basic radicals yield compounds having the 
general formula ME. They are detected by both the methods 
described in the preliminary observations to the present Chapter, 
i. e, both by presenting to a soluble chloride, bromide, iodide, or 
fluoride a soluble salt of some basic radical known to form, with 
the add element sought for, an insoluble salt of easlLy recogniz- 
able properties, — and also by submitting the chloride, bromide, 
or iodide to such decomposing influences as are calculated to 
eliminate their acid-radicdl. 

SALTS OF CHLORINE, OB CHLOBIDES. 

These salts are for the most part soluble in water, sparingly 
soluble in alcohol, and nearly insoluble in ether. Their formulae 
vary according to the atomic nature of the combined basic con- 
stituent ; but the following are the most usual : — 

M^Cl, MCI, M,Cl3, MQ,, and MO,. 

When heated before the blowpipe on charcoal, the deportment 
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of chlorides differs according to the nature of the combined baaic 
radical: if the metal belongs to Subdivision I., the compound 
fuses, and sinks into the charcoal ; if to Subdivision H., it fuses 
and generaUy remains as a molten mass upon the charcoal : the 
chloride of magnesium is the exception here ; for^ as it cannot 
exist in the presence of aqueous vapour^ it suffers decomposi- 
tion, aud leaves a white residue of oxide. Some of the remaining 
chlorides, such as those of silver and lead, fuse without change ; 
others again, as those of tin, antimony, and arsenic, volatilize, 
whilst others, such as those of platinum and gold, decompose iuto 
chlorine and the metal. 

If a bead of microcosmic salt be fused upon a platinum wire, 
and cupric oxide (Cuj,0) added to it imtil the bead is saturated, if 
a chloride be then introduced, and the bead submitted to the heat 
of the blowpipe jet, a blue colour will he imparted to ihe flame. 

The Htdeogew Salt (HCl), or hydrochloric acid, is a trans- 
parent colourless gas at ordinary temperatures, which, at 45°*3 C, 
and under the pressure of 40 atmospheres, becomes a colourless 
liquid, highly dispersive of light. 1 volume of water dissolves 
480 volumes of the gas. 

The principal insoluble salts of this acid-radical are — as the 
student will readily recollect — the cuprous, argentic, plumbic, 
mercurous, aud platinous chlorides. 

The Cupkotjs Salt is produced by the action of a soluble cupric 
salt on a solution of stannous chloride. Its formula is Cu^d. It 
is insoluble in water, but soluble in most acids. 

The Argentic or SilYer Salt is produced by the action of a 
soluble silver salt on hydrochloric acid or any other soluble 
chloride : it is a white curdy precipitate, which assumes a grey 
tinge on exposure to light. 

Its formula is AgCl. 

It is insoluble in water, soluble to a slight extent in solutions 
of certain chlorides and in concentrated acids, and easily dissolves 
in hydrate of ammonium, in cyanide of potassium, and in hypo- 
sulphite of sodium. 

The Msbcusous Salt is produced by the action of a soluble 
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mercuroTis salt {e.g. mercurous nitrate [Hg^NOg]) on hydro- 
chloric add, or a soluble chloride. It is a dense white precipi- 
tate. Its formula is HgaCl. It is but slightly soluble in water. 
The Lead Salt is produced by the action of a soluble lead salt 
on hydrochloric acid or any soluble chloride. It is a white cry- 
stalline precipitate. Its formula is PbCl. It is dissolved by a 
large quantity of cold water, but is soluble in a much smaller 
amount of boiling water. 

The platinous and other insoluble chlorides are not employed in testing 
for chlorine. 

Many of the remaining chlorides are soluble either in water or in dilute 
hydrochloric add. 

The other methods by which this acid-radical is identified are 

the following : — 

a. Concentrated sulphuric acid and peroxide of manganese 

(Mn^O,) are added to a chloride, and the mixture warmed: the 

sulphuric add Hberates hydrochloric add— 

2MnCH-H, S0,=2HC1+Mn, SO, ; 

the pero2dde then acts upon the hydrochloric acid — ^^,;^^ 

4HCH-Mn,0,=2MnCl+2H,0+2Ca. 

It is believed that bichloride of manganese (MnCl,) is first formed, and 
then decomposed into the protochloride (MnCl) and free chlorine. 

The &ee chlorine thus produced is recognized by its odour and 
bleaching properties, while it is distinguished from bromine and 
iodine by the absence of any coloured reactioQ with starch. 

/3. When 1 part of diromate of potasdum and 3 parts of oil 
vitriol are mixed with 1 part of the supposed chloride, and the 
resulting pasty liquid heated in a test-tube, to which a dry cork 
and bent tube have been fitted, the other end of the bent tube 
dipping into a test-tube free from any trace of water^ and kept 
cool, a blood-red liquid distUs over, to which the name chhro^ 
chromic acidy and the formula CrOl,, Cr^Og, have been given : — 
*3KCrO,+3NaCa+3H, S0,=CrCl3, Cr,03+3KNaSO,+3H,0. 

* Possibly this reaction is more simple, — 

KCrOa+Naa+Ha SO,=CrO a+KNaSO^-f H, O. 
In this case the product usually termed chlorochromic add might be con- 
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If to this red distillate a few drops of ammonia-water are added, 
a yellow liquid is obtained, which is a solution of chromate and 
chloride of ammonium, — 

CrCl,, Cr,03-f 6NH, H0=3KB,Cl-f 3NH,CrO,-f 3H,0 ; 
and if into this solution, after the addition of a slight excess of 
acetic acid, a few drops of nitrate of silver be introduced, a beau- 
tiful crimson precipitate will be obtained, thus — 

NH,CrO,-f AgN03=NH, NO,^ AgCrO,. 

crimflon ppt. 

SALTS OF BBOMINE, OB BBOMTDES. 

The bromides bear the closest resemblance to the chlorides ; 
they are isomorphous with them. They are for the most part 
soluble in water, but sparingly soluble in alcohol, and nearly 
insoluble in ether. Bromine is monobasic ; but when combined 
with biatomic acid-radicals, it yields salts having the formulse 
already given as those of the various chlorides. 

Heated before the blowpipe on charcoal, the bromides exhibit 
the same deportment as the corresponding chlorides. They colour 
the flame green when fused with a bead of microcosmic salt satu- 
rated with cupric oxide. 

The Htdbooen Salt (HBr), or hydrobromic acid, is a trans- 
parent colourless gas at ordinary temperatures, which, how- 
ever, liquefies at 33°-3 C, and solidifies at — 37°'7. Hydro- 
bromic acid is very soluble in water, the solution possessing the 
property of dissolving a large quantity of bromine, forming a red 
liquid. 

The insoluble bromides are those which contain the same basic 
radicals as the insoluble chlorides, viz. the cuprous, argentic, 
mercurous, and plumbic bromides. The platinous bromide is 
unknown, 

sidered the chloride of a compound basic radical chromyle (CrO), thus 
GrO, CI. The reaction of this body with hydrate of ammonium will be thus 
expressed in an equation : — 

CrO, C1+2NH^ HO=NH^ Cl+NH^ CrO^+H, O. 
3(CrO,Cl)=CrCl„ Qtfi^, 
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The Cufbous Salt is obtained by the action of a solution of a 
cuprous salt on a soluble bromide. It is a white precipitate. Its 
formula is Ou^Br. It is insoluble in water, but soluble in 
hydrate of ammonium, and in hydrochloric and hydrobromic 
adds. In nitric acid it dissolves with decomposition ; but boiling 
sulphuric acid does not decompose it. 

The Argentic or Silver Salt is produced by the action of a 
soluble sUver salt on hydrobromic acid or other soluble bromides. 
It may also be obtained by adding the silver solution very can- 
tiouBly to a mirture of hydrochloric and hydrobromic acids, when 
the bromide is first removed from the solution. It is a yel- 
lowish white curdy precipitate. 

Its formula is AgBr. 

It is slowly dissolved (but in considerable proportion) by a 
concentrated solution of ammonia ; it is but very slightly soluble in 
other ammonium salts ; it dissolves, however, to some extent in 
a boiling solution of chloride of ammonium. It is slightly soluble 
in a concentrated solution of an alkaline bromide ; and when boiled 
with an alkaline iodide, it is wholly converted into iodide of silver 
(Agl). Bromide of silver dissolves slightly in concentrated hydro- 
chloric or hydrobromic acid ; boiling nitric acid has no decompos- 
ing action on it, but boiling sulphuric add alters it slightly. 

The Mebctjbous Salt is obtained by the action of a soluble 
mercurous salt (e. g, Hg, NO3) on a soluble bromide : it is a yel- 
lowish white precipitate. Its formula is Hg, Br. It is insoluble 
in ammonium salts, but, on ebullition with some of them, under- 
goes decomposition into mercuric bromide and mercury. 

The Lead Salt is obtained by adding a soluble lead salt to 
hydrobromic add or other soluble bromide. Its formula is 
PbBr. It is soluble in solutions of some ammonium salts, espe- 
cially on warming ; it is almost insoluble in cold water, and but 
sparingly soluble in hot. It is somewhat more soluble in dilute 
acids. 

The other insoluble bromides are not employed in testing for bromine. 
Many of the remaining bromides are soluble either in water or in hydro- 
bromic add. 
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The other methods by means of which this acid-radical is 
identified are the following : — 

a. Bromine is readily distinguished by the properties which it 
possesses: it is eliminated from the bromides just as chlorine 
from the chlorides, by the joint action of sulphuric add and bin- 
oxide of manganese. A remarkable peculiarity, however, belongs 
to the combinations of this substance with salt-radicals when 
they are treated with sulphuric acid, which, whether dilute or 
concentrated, when acting upon chlorides, liberates hydrochloric 
add only ; but with the bromides the reaction varies with the 
strength of the acid employed : if the add be weak, hydrobromic 
add IB set free, just as in the case of the chlorides — 

2MBr-f H, S0,=2HBr-f M, SO, ; 
but if the add be concentrated, the hydrobromic add, which we 
may suppose to be first produced, is decomposed by a portion of 
the sulphuric acid, with formation of sulphurous add and sepa- 
ration of bromine, thus — 

2MBr-f 2H, S0,«=2Br-f H,0-f H, 80,+ M, SO,. 
This is by no means the only method of liberating bromine ; for 
this element is set free equally well when chlorine gas is passed 
(not in excess) into the solution of a bromide, or when to the 
latter a few drops of concentrated nitric acid are added : in the 
first case the bromine is set free by its place being occupied by 
the chlorine; in the second process by a reaction similar to 
that exercised by sulphuric add, given above in the form of an 
equation. The tests for the detection of bromine have be^i 
already given (p. 21), but may be here advantageously reca- 
pitulated. 

Beddes its peculiar odour (which is very suffocating and of- 
fendve) and its bleaching properties, the colour of liquid and of 
gaseous bromine (a colour which it imparts to solvents) may be 
applied for its recognition, in the following manner : — 

1. Some chlorine water is added to the solution of the bro- 
mide ; the bromine is liberated, and dissolves in the water pre- 
sent, imparting to it a yellow colour. To the coloured solution 
enough ether is now added to form a distinct stratum upon the 
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surfietce of the liquid, and the whole shaken in a narrow vessel, 
and then allowed to rest in order to admit of the ether rising 
to the surfeuie and forming a layer there. This will contain all 
the free bromine of the solution, dissolved in it in virtue of 
the greater solubility of bromine in ether than in water ; and its 
colour will vary from a pale yellow to a deep orange, according 
to the proportion of bromine present. The chlorine water in 
this experiment must be added cautiously; but if, after one 
treatment as above described, and separation of the etherial 
layer, the solution should still give a yellow colour with chlo- 
rine, the shaking with ether, &c. may be again repeated if it is 
desired to effect a perfect separation of the bromine. The etherial 
solution is shaken with a few drops of hydrate of potassium 
solution; evaporated to dryness; and then the ignition of the 
residue wiU give rise to the formation of bromide of potassium. 
Previously to the ignition, bromate of potassium would be present 
in addition : 

6Br-f 6KH:0=:5KBr-f KBrOj -f SH^O. 
bromide bromate 
of potas. of potas. 

2. The starch-test is a good method of distinguishing bromine, 
as well as iodine, from chlorine. When bromine-vapour is al- 
lowed to come into contact with starch paste (as by introducing 
a glass rod smeared with this substance into a test-tube in which 
bromine vapour is being disengaged), a yellow colour is produced 
if that add-radical be present in minute quantity, or, if in larger 
proportion, a rich orange tint. Or the test may be applied by 
mixing the bromide with some starch paste in a porcelain dish, 
warming the mixture over the lamp, and dropping into its centre 
one drop of concentrated nitric add : the liberated bromine im- 
mediately colours the starch. 

/3. When a bromide is distilled with chromate or bichromate 
of potassium and sulphuric acid, a brown distillate passes over 
(p. 255), which dissolves in hydrate of ammonium, forming a 
colourless solution, which is precipitated white by nitrate of 
silver : this distillate is only bromine set free by the action of the 
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sulphuric acid on the bromide; for there is no bromochromic 
acid known. 

SALTS OF lODDTB, OE IODIDES. 

The iodides present the closest analogy with the bromides and 
chlorides, with which they are, for the most part, isomorphons. 
A large number of them are soluble in water ; a few, chiefly those 
of Subdivisions I. and II., somewhat soluble in alcohol ; but nearly 
aU are insoluble in ether. 

Heated before the blowpipe on charcoal, the iodides behave in 
a similar manner to the corresponding bromides. They colour 
the flame of a flne green colour when fused with a bead of mi- 
crocosmic salt saturated with cupric oxide. 

The Hydbogen Salt (HI), or hydriodic acid, is a transparent 
colourless gas at ordinary temperatures, which, however, liquefies 
with cold, and soHdifles at about —51° C. It is very soluble in 
water, the solution possessing the property of dissolving some 
quantity of iodine, forming a brown solution. 

The chief iodides possessing remarkable features are the cu- 
prous, argentic, plumbic, mercurous, mercuric, bismuthic, and 
palladious salts. The platinous iodide is also insoluble. 

The Cupboits Salt is produced by the action of a soluble 
cuprous salt on a solution of an iodide. The cuprous salt em- 
ployed is often prepared extemporaneously, by adding to a solu- 
tion of the cupric salt sulphurous acid or ferrous sulphate, before 
mixing it with the iodide: the ferrous sulphate is most fre- 
quently employed for this purpose, and acts as follows : — 

2(X S0,+2Fe, SO,=(Cu,), SO,-|.(Fe,), (S0,)3. 
The cuprous iodide is a white precipitate, with a tinge of 
brown. Its formula is (X, I. It is slightly soluble in hydro- 
chloric add ; but when heated with nitric or sulphuric acid, it is 
completely decomposed, with evolution of iodine. 

Ilie Argentic or Silver Salt is produced by the action of a 
soluble silver salt on the solution of hydriodic acid or of a soluble 
iodide. It is a pale yeUow precipitate. 

Its formula is Agl. 
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It is soluble to a considerable extent in concentrated solutions 
of chloride of potassium or ammonium, also in concentrated so- 
lutions of mercuric nitrate. It is scarcely soluble in concentrated 
hydrate of ammonium solution, 1 part requiring 2510 parts of 
the strongest ammonia-water to dissolve it. Dilute adds are 
without action on it ; but concentrated nitric and sulphuric adds 
dissolve it with separation of a small proportion of iodine. 

The Mebcuboits Saxt is produced by the action of a soluble 
mercurous salt on hydriodic acid or a soluble iodide ; but the 
.salts should be mixed in equivalent proportions, to obtain a pre- 
cipitate free from metallic mercury or a mercuric salt. Mer- 
curous iodide is a green predpitate. Its formula is Hg^ I. It 
dissolves partially in concentrated solutions of most soluble 
iodides, and in hydriodic acid ; but it is decomposed into mercuric 
iodide and mercury by the action of the reagents just mentioned, 
— ^by certain chlorides and by hydrochloric acid. It dissolves in 
about 2375 parts of water, but is insoluble in alcohol. 

The Mercuric Salt is produced by the action of a soluble 
mercuric salt on hydriodic acid or a soluble iodide ; the addition 
of equivalents of the iodide and of the mercuric salt causes a 
perfect predpitation. It is a magnificent scarlet crystalHne 
precipitate, which, when it begins to form, has a bright yellow 
tint. 

Its formula is Hgl. 

It is very soluble in the alkaline iodides and chlorides, also 
in many ammonium salts; in most mercuric salts it is also 
very soluble. In water and ether it dissolves sparingly, but 
more abundantly in hot alcohol. It is soluble in hydriodic and 
hydrochloric adds. 

The Lead Salt is obtained by the action of a soluble lead salt 
upon hydriodic acid or a soluble iodide. It is an orange-yellow 
crystaUine precipitate. 

Its formula is Fbl. 

It dissolves ia concentrated solutions of most soluble iodides, 
also in chloride of ammonium, but not in other ammonium salts. 
1 part dissolves in 1235 parts of cold, and. in 194 parts of 
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boiling water, and may thus be pniified from the oxyiodide, 
which is insoluble in water; it is slightly soluble in alcohol. 
Acids exert a slight decomposing influence upon it. 

The Bismuth Salt is produced by the action of a soluble salt 
of bismuth on a solution of a soluble iodide. It is a brown ciy- 
stalline precipitate. Its formula is Bilg. 

The Palladious Salt is obtained by the action of palladions 
chloride on hydriodic acid or a soluble iodide. 

Its formula is Pdl. 

It is insoluble in water, alcohol, ether, and hydriodic acid. 

The other insoluble iodides are not employed in testing for iodine. 
Many of the remaining iodides are soluble in water or in hydriodic add. 

The recognition of iodides by the separation of their acid- 
radical, is even more easy and certain than the detection of 
bromides by similar means. Iodine is liberated just as chlorine 
and bromine by the conjoint action of sulphuric add and bin- 
oxide of manganese ; but iodides dijOSsr from chlorides, and re- 
semble bromides, in the elimination of their acid constituents by 
the action of concentrated sulphuric acid employed without the 
addition of binoxide of manganese. 

a. Iodine, by whatever method liberated, may be recognized 
by the properties which have been already stated as belonging 
to this acid-radical (p. 22). 

1. Not only by its characteristic odour may this element be 
detected, but, if it be present in some quantity in the substance 
under examination, it may be recognized by its separation in 
minute bluish black crystals when strong sulphuric acid is added 
to the aqueous solution of an iodide. If this solution become 
very hot on the addition of the acid, or if it be afterwards heated 
over the lamp, the beautiful rich violet-coloured vapour of iodine 
will float over the surface of the liquid, and gradually condense 
upon cooler parts of the test-tube in glistening crystals of a 
bluish black. If chlorine (not in excess) be passed into the 
aqueous solution of an iodide, and a little ether (or, better, ben- 
zole) be shaken up with the mixture, the ether or Jbenzole wiH 
carry up the whole of the free iodine present to the sur£EU^ of the 
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liquid, and appear there, after standing, as a red or beautifal 
violet-coloured stratum. The iodine may then be converted into 
iodide of potassium, and tested with nitrate of sUver in the usual 
manner. 

2. The starch-test is as good a test for iodine as for bromine, 
and perhaps more delicate. If a glass rod which has been 
dipped in starch paste be immersed into a tube containing the 
violet vapour of iodine, a blue colour will be produced, which 
passes into a black if much iodine be present. The same effect is 
arrived at by dissolving a smaU quantity of an iodide in water, 
adding a little starch paste, then a drop or two of pure sul- 
phuric acid, and lastly a very minute trace of nitrous acid, 
or of a soluble nitrite (0. g. nitrite of potassium KNO^), or else 
a very smaU quantity of chlorine water. 

j3. When an iodide is distiUed with bichromate of potassium 
and sulphuric add, no iodochromio acid is obtained, vapours of 
iodine only being evolved. 

SALTS OF FLTJOBINE, OB FLTJOBIDES. 

This acid-radical never having been isolated, the precise 
analogies which it may present to the three preceding elements 
are unknown ; its salts have, however, some features in common 
with the chlorides, bromides, and iodides, although presenting 
also many points of difference. The salts of fluorine are often 
isomorphous with these last-named salts, crystallizing generally 
in the regular system. 

Heated upon charcoal, many of the fluorides fuse, but without 
suffering decomposition. They impart no colour to the blow- 
pipe flame when added to a bead oif microcosmic salt saturated 
with cupric oxide. 

The perfectly dry Htdkogen Salt of fluorine (HF), or hy- 
drofluoric acid, is believed to be a transparent colourless gas 
under ordinary conditions, and to have no action on glass, &c. ; 
but, as usuaUy obtained ia the form of an aqueous solution, 
hydrofluoric acid is remarkable as one of the most powerful 
solvents known, dissolving such bodies as the silicic, titanic. 
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molybdic, and tungstic anhydrideSy which are quite imattacked 
by all other acids. 

fluorides vary considerably as to their solubility in water. 
The fluorides of the first subdiyision are soluble ; those of the 
second subdivision insoluble, thus exhibiting a remarkable con- 
trast with the chlorides, bromides, and iodides of the same 
group of metals. Most of the other protojkiorides (MF) axe 
insoluble, or but sparingly soluble in water, though slightly 
more soluble in aqueous hydrofluoric acid; they are often re- 
solved by excess of water, or oh the application of heat, into 
oxyfluorides. The sesqui-, bi-, and terfluorides are very so- 
luble : the terfluoride of antimony, unlike the corresponding 
chloride, bromide, and iodide, is not decomposed by water with 
formation of the oxyfluoride. 

Siace the fluorides of the second subdivision of the basic 
radicals are insoluble, fluorine may be recognized by the for- 
mation of these salts, as also by that of the cuprous and plumbic 
fluorides. 

The Barium Salt is produced by the action of a soluble barium 
salt upon hydrofluoric acid or a soluble fluoride : it is a white 
precipitate. 

Its composition is BaE. 

It is insoluble in water, but readily dissolves hi hydrochloric, 
hydrofluoric, or nitric acid. 

The Strontitjm: Salt is produced by the action of a soluble 
strontium salt upon a solution of a fluoride : it is a white preci- 
pitate, insoluble ia water and most acids. 

The Calcium Salt is produced by adding a soluble calcium 
salt to hydrofluoric acid or a soluble fluoride : it is generally 
a mere gelatinous precipitate, hardly perceptible; but on the 
addition of a littie hydrate of ammonium, it becomes more visible. 

Its composition is CaF. 

This precipitate is somewhat soluble in solutions of ammonium 
salts; it is almost insoluble in water or ia hydrofluoric acid, 
sparingly soluble in cold hydrochloric or nitric acid, but more 
soluble in these acids when hot. 
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The ICAcarsBnTM Sa£t is prodnoed by the action of a soluble 
magnesiiim salt on solutions of fluorides: it is a white pre- 
cipitate, nearly insoluble in water and acids. 

The Cufsous Salt appears to be insoluble both in water and 
in hydrofluoric add, but soluble in strong hydrochloric add. 

The Silter Salt is soluble. 

The Lead Salt is produced by the action of soluble lead salts 
upon hydrofluoric add or a soluble fluoride : it is a white pre- 
cipitate, which easily fuses into, a thick yellow Hquid. Its for- 
mula is FbF. It is but slightiy soluble in water or hydro- 
fluoric add, more abundantiy in hydrochloric or nitric add. 

The Meectjbotjs Salt is not produced by the action of soluble 
mercurous salts upon solutions of fluorides, but onlybysublimation. 

The Mebctjbic Salt is soluble. 

The Bismttth Salt appears to be soluble. 

The Platdtoits and Palladiotjs Salts are not known. 

The other insoluble salts are not employed in testing for fluorine. 
Many of the remaining fluorine salts are soluble in water. 

Although the isolation of fluorine cannot be accomplished, we 
are at no loss for a method of recc^niring this elementary salt- 
radical, on account of the very remarkable affinity which it pos- 
sesses for silicon ; this fact is taken advantage of in two ways : — 
1. In the etching test. A soluble or insoluble fluoride is placed 
in the dry state in a platinum capsule. A watch-glass is then 
taken to serve as a cover ; a littie wax is melted in it, and al- 
lowed to run over every part, and through this coating a device is 
scratched with a wooden point, so as to expose the glass beneath. 
Several drops of strong sulphuric acid are then poured into the 
capsule, which is closed immediately afterwards with the coated 
glass, and then gentiy warmed, taking care not to melt the wax. 
The design traced on the cover will be found distinctiy etched 
after the removal of the wax from the glass by means of tur- 
pentine or other solvent. The change described may be thus 
expressed, in the form of two equations : — 

2MF-f H, S0,=2Hr-f M, SO, ; 

Si,0, -f 6HP=2SiF, -f 3H,0. 

IT 
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Thus the hydrofluoric acid first formed acts upon the silicon 
contained in the glass, yielding water and the gaseous fluoride 
of silicon, the formation of which is itself an excellent test for 
fluorine. 

2. The terfluoride of silicon test. A fluoride mixed with 
some quantity of sand (SijOg) and of sulphuric acid, when heated, 
evolves, as has heen already shown, gaseous terfluoride of 
silicon. The above mixture may be made in a test-tube (per- 
fectly dry), fitted with a cork and bent tube dipping under water 
in another glass vessel. When heat is applied, the terfluoride 
is immediately evolved, and, passing through the water, suffers 
the following decomposition : — 

3SiF3-f 2H,0=H8iO,+H3 Si, F,. 

gelat. ppt 

So rapid is the decomposition when the gas meets the water, 
that the aperture of the delivery tube soon becomes blocked with 
the silica deposited ; to avoid this, the point of the delivery- tube 
dips beneath a layer of mercury (fig. 7, p. 65). The formation of 
hydrofluosilicic acid (Hg Si, Fg), in the experiment just described, 
furnishes another proof of the presence of fluorine in the sub- 
stance examined ; this acid may be recognized by adding to the 
filtrate from the gelatinous predpitate of silica, a few drops of 
chloride of barium solution, when, after agitation, we obtain a 
gelatinous precipitate of silicofluoride of barium (BagSi^Fg), a 
salt with which the student has already become familiar. 

Section II. — The hypochlorites, cMorites, chlorates, perchlorates, 
hypohromites, hromates, iodites, iodates, and periodates, 

SALTS OF THE COMPOUND ACID-BADICALS WHICH CONTAIN 
CHLORINE, BROMINE, AND IODINE COMBINED WITH 
OXYGEN. 

Of the acid-radicals containing chlorine combined with oocygen, 
those existing in the jacids or hydrogen salts, termed hypo- 
chlorous, chloric, and perchloric, are the most important in an 
analytical point of view. 
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SALTS OF THE HTP0CHL0B0TJ8 BABICAL, OR HYPOCHLOBITES. 

A few only of these salts are known ; they are extremely un- 
stable. The mode in which they are commonly produced is by 
passing chlorine either into a solution of hydrate of potassium or 
over solid hydrate of calcium ; the temperature of the materials 
must not be allowed to be more than lukewarm. 

2CaH0 -f 2Cas=CaC10 -f CaCl + H, 0. 

The hypochlorites are decomposed on a slight increase of 
temperature, and give no characteristic blowpipe reactions. 

The anhydrous hypochlorous acid (CljO) is a yellow gas, 
very soluble in water, and possessing a peculiar odour distinct 
from, and yet recalling, that of chlorine. Water dissolves more 
than 100 times its volume of the gas, and yields the hydrogen 
salt, or hypochlorous acid (HCIO). The gas (Cl^O) is a power- 
fill bleaching a^ent, yielding up both oxygen and chlorine, and 
indeed, from its great instability, decomposing readily, with ex- 
plosion, when gently heated. 

No insoluble hypochlorites are known; the aqueous solutions 
of the hypochlorites acquire a most sickly and disagreeable 
odour by contact with organic matter ; and in sunlight, or when 
heated, decompose into chloride and chlorate, with evolution of 
oxygen and chlorine. 

a. Hypochlorous acid, or a hypochlorite, may be immediately 
detected by warming the solution of the former, or by adding an 
acid to that of the latter, when, in either instance, their own 
peculiar odour is converted into the characteristic odour of 
chlorine. The following equations represent the metamorphoses 
of a hypochlorite : — 

MClO + HCa= HCIO -f MCI ; 

2HC10=H,0-f2Cl-fa 

p. If a solution of a hypochlorite be mixed with a solution of 

a manganese salt, a brownish black precipitate of the bihydrate 

(MnH^O,) falls, thus— 

CaClO 4- 2MnCl 4- 3H, = CaCl -f 2MnH, 0, 4- SHCl. 

brown-black ppt. 

n2 
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y. If a solution of a hypochlorite be mixed with a solution of 
a lead salt, at first a white precipitate of plumbous chloride 
(PbCl) is produced (it must be remembered that hypochlorites are 
almost invariably accompanied by chlorides); this white pre- 
cipitate, however, speedily becomes brown, being converted, with 
evolution of chlorine, into the binoxide of lead (Pb^Oj) : 

2PbCa-f 2CaC10 = Pb, 0, -f 2CaCl-f 2Ca. 

brown ppt. 

^. If a solution of a hypochlorite be mixed with oxide of 
silver (Ag^O), the latter is rapidly converted into the chloride 
(AgCl) with violent evolution of oxygen, derived partly from the 
oxide of silver, and partiy fr^m the hypochlorite employed. If 
the same experiment be performed, only substituting the nitrate 
£c»r the oxide of silver before used, a black precipitate, formerly 
believed to be peroxide of silver (AgjOg), is deposited, 

€. The hypochlorites oxidize hydrosulphuric with formation of 
sulphuric acid and separation of sulphur ; by the additicm of more 
hypochlorite, the sulphur is itself oxidized. 

The hypochlorites are recognized by the tests a,/3, y, and h, 
just described, and by their powerfiil bleaching action on indigo, 
litmus, and other vegetable colouring matters. 

SALTS OF THB CHLOROUS RADICAL, OR CHLORTFIS. 

The chlorites do not occur in the course of analysis. The formula of 
the anhydrous acid is Cl^ O3, and Ihat of the salts MGIO3. Most of the 
known chlorites are readily soluble in water ; the argentic and plumfaio bhlo- 
rites are, however, nearly insoluble: the latter is a beautiful pale yellow 
precipitate, crystallizing in scales. The chlorites differ from the hypo- 
chlorites in the fact that their bleaching power is not destroyed by a solution 
of arsenious oxide in nitric add. 

SALTS OF THE CHLOBIC BADICAL, OE CHLOBAXES. 

These salts are far more stable under ordinary circumstances 
than the hypochlorites ; the most common salt is that of potas- 
sium, which is generally prepared by passing chlorine into a 
solution of hydrate of potassium, and not preventing the conse- 
quent rise of temperature : 

6KEO+6Ca«KC103+3HaO+5Ka 
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The chlorates, when heated on charcoal before the blowpipe, 
deflagrate with great bnlliancy, the charcoal being consumed 
and converted into carbonic anhydride, and a residue of chloride, 
oxide, or metal left, according to the nature of the basic radical 
present, unless indeed complete volatilization occur. The chlo- 
rate of barium imparts a green, that of strontium a crimson 
colour to the blowpipe flame. 

When heated alone in the solid state, the chlorates are decom- 
posed, any residue being either a chloride or an oxide, an evo- 
lution of oxygen also occurring. 

The Hydbogen Salt (HCIO3), or chloric acid, is only known 
dissolved in water ; in this state it is decomposed when heated 
above 40°. 

No insoluble chlorates are Jcnown ; some of the important re- 
actions of acids, &c. upon these salts are given in subsequent 
paragraphs. 

a. The chlorates are easily recognized by the peculiar decom- 
positions which their acid-radical suffers. When a chlorate is 
mixed with concentrated sulphuric acid, chloric acid (HCIO3) is 
evolved, thus — 

2MC103 4-H, S0,=2HC103+M, SO, ; 
as the temperature rises, the chloric acid decomposes, thus — 

3HC103=: HCIO, + H, 4- CI3O,. 
This decomposition is accompanied by a peculiar crackling noise, 
and the evolution of the greenish yellow gas, hypochloric an- 
hydride (C1,0,), which, if the temperature rises too high, explodes 
with great violence. This gas has a most peculiar, almost aromatic 
odour, quite unlike that of chlorine ; but no sooner has the explo- 
sion and decomposition of the gas into oxygen and chlorine taken 
place, than the sujffocating smell of the latter gas may be directiy 
perceived. Sulphuric acid acts much more readily upon chlorate 
of potassium when chloride of potassium is also present. 
» /3. When a minute quantity of a chlorate is produced, and then 
nibbed gentiy in a mortar with a very small particle of sulphur, 
frequent and sharp detonations occur. 
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y. If a chlorate be mixed with an organic substance, such as 
sugar, the mass placed in a dish, and then a single drop of 
concentrated sulphuric acid allowed to fall from a glass rod upon 
the mixture, vivid combustion takes place, due, of course, to the 
liberation of chloric acid and its oxidizing effect upon the carbon 
and hydrogen of the sugar. 

5. A solution of a chlorate, even if somewhat dilute, when 
mixed cold with tincture of litmus, and then a few drops of 
strong sulphuric acid added, bleaches the litmus. This test 
forms one of the best characteristics by means of which we can 
distinguish between the chlorates and nitrates. 

€. A solution of a chlorate mixed with a solution of indigo in 
sulphuric acid bleaches the indigo on the application of heat, 
just as a nitrate would do. 

^. Hydrosulphuric jwjid does not decompose a solution of chlo- 
rate of potassium. 

The tests a. and h. are among those most usually employed for 
the recognition of the chlorates. 

SALTS OF THB PERCHLORIC RADICAL, OR PBRCHLORATES. 

The perchlorates are remarkably stable salts ; the perchlorate of potassium 
withstands a higher temperature than the chlorate without decomposition, 
and is among the first products formed when chlorate of potassium is heated, 
since it is not itself resolved into chloride of potassium and oxygen, except 
at a more eleyated temperature. 

Perchlorates, when fused upon charcoal, explode with violence ; but with 
combustible bodies in general they do not detonate so violently as the 
chlorates. 

The Hydrogen Salt (HCIO4), or perchloric acid, is a white crystalline 
solid, which melts at 45® C, and is very soluble in water. 

The potassic perchlorate is the only salt of the series which may be con- 
sidered comparatively insoluble. 

The Potassium Salt is obtained by the addition of certain soluble 
potassium salts (e.g. the carbonate [K^COg]) to an aqueous solution of per- 
chloric acid, or by fusing chlorate of potassium at a gentle heat and for 
some time, and, after cooling, separating the chloride of potassium formed, 
from the perchlorate by water. It is a white crystalline powder. 

Its formula is KCIO4. 

It dissolves in 65 parts of water at 15° C, and in a smaller quantity of boil- 
ing water : it is quite insoluble in alcohol. 
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The Akmonium Salt is produced by the addition of hydrate or carbonate 
of ammonium to aqueous perchloric add : it is a white crystalline precipi- 
tate, very slightly soluble in alcohol, but requiring only 6 parts of cold water 
for solution. 

The barium and all the other known salts of the perchloric radical are 
soluble in water. 

The perchlorates are detected by the precipitation of the insoluble potas- 
sium salt, while they are distinguished from the chlorates by not becoming 
yellow on treatment with sulphuric add (concentrated) in the cold. 

Of the add-radieah containing bromine combined with occygenj 
that existing in the acid (or hydrogen salt) termed bromic acid 
is the only important one in an analytical point of view. 

SALTS OF THB HTPOBBOMOUS RADICAL, OB HTPOBBOMITBS. 

From the similarity of bromine to chlorine, and from the peculiar pro- 
perties of the solution formed when bromine is added to the carbonates or 
hydrates of potassium or sodium, the alkali being in excess, it is extremely 
probable that a series of hypobromites exist of the formula MBrO, pos- 
sessed of bleaching powers like the hypochlorites, and decomposing, when 
ignited, into bromide of the metal and oxygen. They are of no analytical 
importance. 

SALTS OP THE BEOMIC RADICAL, OR BROMATES. 

These salts resemble the chlorates in their general characters, and are 
produced generally by the action of bromine in excess on the hydrates 
and carbonates of the alkaline metals, with simultaneous formation of 
bromides. 

The bromates, when heated with charcoal or other combustibles, de- 
flagrate or detonate just as the chlorates. They are also decomposed when 
heated alone. 

The Hydrogen Salt (HBrO,), or bromic add, is known as dissolved in 
water ; but it is readily decomposed upon the application of heat 

The insoluble salts of this series which are most important are the ar- 
gentic, mercurous, mercuric, and plumbic bromates. 

The Potassium and Ammonium Salts are soluble. 

The Barium Salt is produced by the action of a soluble barium salt on 
a moderately concentrated solution of bromate of potassium : it is a white 
crystalline precipitate, which requires 130 parts of cold, and 24 parts of 
boiling water for its solution. 

The Strontium, Calcium, and Magnesium Salts are soluble. 

The Cuprous Salt does not exist ; the Cupric Salt is soluble. 

The Argentio or Silver Salt is produced by the action of a soluble 
silver salt on a solution of bromic add or other soluble bromate. It is a 
white predpitate. 
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Iti formula ia AgBrO^, 

This salt is insoluble, or nearly so, in water and in nitric acid, but dis- 
solves in hydrate of ammonium. 

The Mebcuroub Salt is produced by the action of a soluble mercurous 
salt on solutions of bromates or of bromic acid : it is a yellowish white pre- 
cipitate. 

Its formula is Hg^BrO,. 

It is decomposed by washing with water, into bromic add and a basic 
salt (HgjO, Hg^BrO,) ; in hydrochloric acid it dissolves, with formatkm of 
mercuric chloride ; it is dissolved less easily by nitric add. 

Thb Mbbcvbic Salt is produced by the action of soluble mercuric salts 
upon solutions of bromic add or of ot^er bromates : it is a white predpitate. 

Its formula is HgBrO,4-aq. 

It is soluble in 650 parts of cold, and in 64 parts of boiling water ; it is 
dissolved by hydrodiloric and by nitric add. 

Thx Lead Salt is produced by the action of concentrated solutions only 
of lead salts on soluble bromates. It is a white predpitate, soluble in 75 
parts of cold water ; and to it the formula PbBrO, +iaq has been assigned. 

Nearly ajl the remaining bromates that are known are insoluble in water. 

a. The l»omates may be recognized, as easily as the chlorates, by the 
deoompodtion of their add constituent ; but in t^ir case, bromine, and 
not an oxide, is liberated. Thus, when sulphuric add (concentrated), or 
even a dilute mineral or organic add (such as acetic), is added to a solution 
of a bromate, oxygen and bromine are set free, and then the latter may be 
at once identified by its action on starch. 

p, A fragment of a bromate in powder, when rubbed in a mortar with 
such bodies as carbon, sulphur, or antimony, explodes or detonates. A 
similar result is obtained on heating the powdered mixture. 

y. Bromates mixed with sugar frequently cause the inflammation of tiie 
latter when the mixture is moistened with sulphuric add. 

^. Bromates are decomposed by hydrosulphuric add, — a white predpitate 
of sulphur being formed, and sulphuric and hydrobromic adds remaining 
in the solution. 

The bromates are recognized by the predpitation of the silver, merouiy, 
and lead salts, and by the tests a. and /3. 

Of the odd-radicals containing iodine combined with oosygen, 
those existing in the adds or hydrogen salts, termed iodic and 
periodic acids are the most important in an analytical point of 
view. 

It is probable that the hypo-iodous (HIO) and iodous (HIO,) 
acids exist ; but nothing definite has as yet been ascertained con- 
cerning them. 
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SALTS OF THS IODIC RADICAL, OK I0DATB8. 

These salts are quite analogous to the bromates, and may he prepared 
similarly, by the action of iodine on the alkaHne hydrates and carbonates. 
They exist, however, in sereral dosely-ielatod modifications ; for, "whSle to 
the ordinary iodates the formula MIO, is assigned, there are also other salts 
rqsresented by the farmulas IC^I^Oi, and MXjOg, all deriyable from the 
action of iodic acid on metallic oxides. A yery remarkable series of salts 
will be found described in the obserFstions upon the phosphates ; and we 
haTC already had peculiar instances among the sulpharseniates. 

Iodates, when heated, are conyerted either into iodides, with evolution of 
3 equiTalents of oxygen, or into oxides, with evolution of iodine and of a 
less jnroportion of oxygen or formation of periodates ; the former decom- 
positicm is that niiich the iodates of the first subdivision of basic radicals 
sufier, miiile the latter change is that experienced by the iodates of the 
second subdivision. 

Ths Htdbogin Salt, or iodic acid, may be made directly by heating iodine 
with nitric acid, or with nitric add and dilorate of potassium. It is exceed- 
in^y soluble in water ; and the s(dution, which is syrupy, is extremely cor- 
rosive. Iodic add, HIO,, when heated to 170^ C, yidds the iodic anhydride 
(Ig Of), wiiich decomposes at a higher temperature into its constituents. 

The most important insoluble salts of this series are the argentic, mer^ 
curous, and plumbic iodates. 

Ths FoTASsiiTM and Ammoniitm Salts are sduble. 

The BaiiTmi Salt is produced by the action of a concentrated solution 
of a barium salt on a soluble iodate : it is a white granular predpitote. 

Its formula is BalOj+^aq* 

It requires 1746 parts of water at 15^, and 600 parts of boiling water, to 
effect its solution ; it dissolves with difficulty in warm nitric add. 

Ths Stbortium Salt is soluble. 

Ths Calcium Salt is produced in the same manner as the barium salt: it 
is a white crystalline predpitate, soluble in 260 parts of cold water, and in 
75 of boiling water, but much more easily dissolved by nitric add. 

Ths Magnesium Salt is soluble. 

Ths Cuprous Salt does not exist 

Ths Cupbic Salt is produced by the action of cupric sulphates on iodate 
of sodium or iodic add, and allowing the mixture to stand. If the predpitant 
were concentrated, the predpitate is bluish green ; if dilute, white. It dis- 
solves in 302 parts of water at 15°, or in 145 parts of boiling water, and is 
readily soluble in hydrate of ammonium. 

The Argentic or Silver Salt is obtained by the action of a soluble 
silver salt on a solution of a soluble iodate : it is a white predpitate. 

Its formula is AglOg. 

It dissolves in hydrate of ammonium, and sparingly in nitric add ; by 
hydrodilorio add it is decomposed. 

k5 
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The Mbbcurous Salt is obtained by the action of a soluble mercurous 
salt on solutions of iodic acid or iodates : it is & white precipitate, haying a 
pearly lustre. 

It is slightly soluble in water, and is dissolved by most acids. 

Thb Mbrcubic Salt is soluble. 

The Lead Salt is produced by the addition of a soluble lead salt to a 
solution of an iodate or of iodic acid : it is a white precipitate, which dis- 
solves sparingly in water, and with difficulty in nitric add. 

Most, if not all, of the remaining iodates that are knovm are oompara- 
tively soluble in water. 

a. Iodates may be identified, with the same ease as bromates, by the de- 
composition of their acid constituent. This change is, however, generally 
effected by the action of a reducing agent, such as sulphurous acid gas 
(SO2), which separates iodine, this element being subsequently recognized by 
<^ usual tests. The strong acids generally liberate iodic acid from the 
iodates in solution. 

p. Iodates detonate when heated with combustible bodies, or when the 
mixtures containing these bodies are struck ; the detonation is not nearly 
equal in violence to that of the chlorates, bromates, and nitrates when 
similarly treated. 

y. Jf to a solution of an iodate a soluble iodide be added, and then a 
strong acid, the hydriodic and iodic acids, at the moment of liberation, act 
upon one another in the following manner : — 

7HI+HI04=4H, 0+81. 

The black precipitate, or brown colouration produced in the solution, is an 
excellent indication of the presence of iodine. 

d, Iodates are decomposed by hydrosulphuric acid, a white precipitate 
of sulphur being formed, and sulphuric and hydriodic acids remaining in 
the solution. 

The iodates are recognized by the precipitation of the barium, silver, and 
lead salts, and by the tests a, y, and d. 

SALTS OF the PERIODIC RADICAL, OR PERIODATBS. 

The periodates are, in some respects, similar to the perchlorates. They 
resemble the iodates in the facility with which they pass into new modi- 
fications possessing a different proportion of the basic constituent. The 
formula of the normal periodates would be MIO4 ; but others are known, to 
which the formula M^I^Og, M^IOg, M^Hgl^Oi,, ^m ^^® ^^^^"^ assigned. 
Most of the insoluble periodates belong either to the second or third of 
these classes. 

Heated on charcoal or with other combustibles, periodates detonate, but 
not violently ; when heated alone, they behave in a similar manner to the 
iodates. 

The Htdrooen Salt, or periodic add, may be obtained in colourless 
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erystals (HI044-2aq), which dissolve readily in water ; the solution may 
be boiled without decomposition. 

Among the insoluble periodates the sodium, barium, silver, mercurous, 
mercuric, and lead salts are the most important. 

The Sodimu Salt is obtained by passing chlorine through an aqueous 
solution of carbonate of sodium, and adding iodine ; also in other ways. It 
is a pearly, white, crystalline precipitate. 

Its formula is TSt^^ 1^ O^+Saq. 

It is insoluble in cold, but sparingly soluble in hot water ; it is easily so- 
luble in adds. The normal salt (NaI04) is very soluble in water. 

The Potassivm Salts (KIO4 and K^IjOg) are soluble. 

Thb Bakium Salts (Ba^IOg and Bag^HgljOj,) are produced in several 
decompositions, generally by the action of <^e soluble periodates of sodium. 
They are insoluble in water, but dissolve in dilute nitric add. 

Ths STRONTruM and Calcium Salts are not well known, but are believed 
to be insoluble. 

Thb Magnesium and Cupbous Salts are unknown. 

The Cuprio Salt is a light green predpitate, soluble in dilute nitric 
add. 

The Argentic or Silver Salt is produced by the addition of nitrate of 
silver to the solution of periodate of sodium in dilute nitric add, and falls 
as a light yellow crystalline powder, to which the formula Ag^I^Og has 
been given. It is insoluble in water, sparingly soluble in nitric add. 

The Mebcubous Salt is said to be produced by the action of mercurous 
nitrate on the soluble periodate of sodium (NalO^). It is a yellow pre- 
dpitate, which when warmed becomes reddish brown ; it is easily soluble in 
dilute adds. 

The Mercuric Salt is said to be produced by the action of mercuric 
nitrate on the soluble variety of periodate of sodium. It is a white pre- 
dpitate, which when heated becomes yellow ; it is soluble in dilute nitric 
add. 

The Lead Salt is produced by the addition of a solution of plumbic 
nitrate (FbNOg) to an aqueous solution of the normal periodate of sodium, 
as a white predpitate, nearly insoluble in water, but soluble in dilute nitric 
add. 
The Falladious and Platinous, and several other salts are unknown. 
Some of the remaining periodates that are known are soluble ; a few, chiefly 
belonging the class M^I^Og, are insoluble. 

The periodate of sodium (Na4l2 0g) is the most characteristic salt of the 
present series. 
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Sbotioh m. — 7%e ckUtrocadmiatm, ehlaropaUadiaU$, ckhroplaiHUtte»t okhfo- 
rhodiatea^ chlororutheniatea^ chloriridiaU$j and eUorauraies, ^. 

SALTS OF THE COMPOUND ACID-RADICALS WHICH CONTAIN 
CHLOBINE, BROMINB, AND IODINE COMBINED WITH 
METALS. 

The radicals contained in the salts of this section ave mooohasio; and 
consequently the general formula of these salts will he MB. GRie chloro- 
oadmiates are represented hy the expression MOdCl,, the diloropalladiafaw 
by MPdClg, the chloroplatinates by MFtd,, and tibe chloraurates by 
MAUCI4. The other add-radicals containing a metal and <^orine have 
3 equivalents of the latter element. Many c(Nrrespanding compounds con- 
taining bromine and iodine combined with metals are also formed, but they 
are as yet but imperfectly known. 
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Potassium ... 

Barium 

Strontium ... 

Calcium 

Magnesium.. 

Cuprous 

Oupric 

Silver 

Mercurous... 
Mercuric . . . 
Lead 



CI 

(see page 254) 



white 

white 
white 

white 



Br 

(see page 256) 



white 

white 
white 



r white I 
\ crystalline j 



(see page 260) 



( 



brownish 1 
white J 



yellow 

green 

scarlet 
orange- 
yellow 
crystalline ^ 



F 

(see page 263) 



white 
white 
white 
white 
red 

white 

white 

ydlow 

white 
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These radioals may be recognized best by the insoluble salts which they 
yield with certain basic radicals, chiefly potassium, ammonium, and the 
organic compound ammoniums. These insoluble salts are almost all of a 
yellow, orange, brown, or red colour; and as they have been named or 
described under their respectiye metals, they need not be again noticed 
here. 

These radicals may also be identified by their decomposition into new 
products, &c. When, for instance, a stream of hydrosulphurio acid gas is 
passed through a neutral or acid solution of chloroplatinate of sodium, one 
of the products of the reaction is sulphide of platinum. This reaction, de- 
scribed in the appended equation, takes place with all the salts of the acid- 
radicals contained in this section : — 



2KPta3 +2Ha S=2KC1+4HC1+Pt, S,. 
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CIO 

(see page 267) ( 



Clft 

[see page 269) 



BrO, 

(see page 271) 



r white 
\ crystalline 



} 



{ 



white 

yellowish 
white 

white 
white 



10. 

(see page 273) 



{ 



white 



white 1 
crystalline j 



) 



bluish green 

white 
white pearly 

white 



pta 

(see page 220) 



orange- 
yellow 
crystalline 
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Analysis of Suh^ivision I. 

The acid^radicals of more common occurrence only being induded, 
the salt may be a CHLORIDE, BROMIDE, IODIDE, FLU- 
ORIDE, HYPOCHLORITE, CHLORATE, BROMATE, 10- 
DATE, or a CHLOROPLATDf ATE. 



Eridenoe of the preeenoe of any one of these salt-radicals may be ob- 
tained by adding to the solid salt, or its strong solution, some concen- 
trated solphuric acid. The following effects will be produced, either 
immediately or on warming the mixture : — 

Pungent colourless vapours f of HCl^ indicate a chloride. 

' * fof Br) indicate a bromide or bromate. 

(of I) indicate an iodide or iodate. 
(of Hb\ etching glass, indicate a fluoride, 
(of Cl^O), having the odour of bleaching- 
powder, indicate a hypochlorite, 
(of CI2 O4), explosive, indicate a chlorate. 



I) 



i» 



red*brofvn 
violet 
colourless 
yeUow 






orange yellow „ 



Further Analysis* 
Through the solution of the salt, pass hydrosulphuric add gas. 



A black precipitate 

of Ptj 82 would 

indicate the 

presence of 

PtCl,. 



If no precipitate, the solution may contain 
CI, Br, or I; 
any CIO, BrOg, or 10., would have been decomposed 
by thepassage of the nydroeulphuric add. Eioil to 
expel H^S ; add nitrate of silver. A white or yellow 
predpitate falls, of 

Aga, AgBr, or AgL 

Add ammonia, and warm. 



Yellow residue 

of Agl indicates 

I. 



If wholly dissolved, test a por- 
tion of the original solution by 
means of Mn, O, and KJSO^ for 
dor Br. 
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8UBDIVISI0X n. 

SALTS OF OXYGEN, SULPHUR, SELENIUM, AND TELLU- 
RIUM, AND OF THE CHIEF COMPOUND ACID-RADI- 
CALS INTO THE COMPOSITION OF WHICH THEY 
ENTER. 

The members of this subdivision present many analogies with 
those of the preceding ; three of them, solphnr, seleninm, and 
tellnrinm, bear the closest relation to each other, exhibiting a 
euiions progression towards the basic character, wMLst a fourth, 
oxygen, has a more distant resemblance. In addition to the salts 
which these form by direct combination with basic radicals, there 
are many others in which sulphur, selenium, and tellurium exist 
in the form of a compound acid-radical containing oxygen or a 
metal. The majority of the salts of this subdivision are bibasic ; 
some, however, are tribasic. 

Section L— SALTS OF OXYGEN, SULPHUR, SELENIUM, AND 
TELLURIUM. 

The oxides, sulphides, selenides, and tellurides. 

Section IL— SALTS OF THE COMPOUND ACID-RADICALS WHICH 
CONTAIN SULPHUR, SELENIUM, AND TELLURIUM COM- 
BINED WITH OXYGEN OR AMONG THEMSELVES, 

The hyposulphites, sulphites, hyposulphates, trithionates, tetra- 
thionates, pentathionates, and sulphates ; the selenites, seleniates, 
tellurites, and telluriates. 

Skcmon m. — salts OF THE COMPOUND ACID -RADICALS 
WHICH CONTAIN OXYGEN AND SULPHUR COMBINED 
WITH METALS. 

The aluminates, chromites, chromates, perchromates, ferrites, 
ferrates, manganates, permanganates, bismuthates, stannates, 
metastannates, platinates, rhodiates, rutheniates, iridiates, os- 
mites, osmiates, aurates, tungstites, tungstates, molybdates, va- 
nadites, and vanadiates ; the sulphostannates, sulphoplatinates. 
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sulphorhodiates, sulphorutheniates, sulphiridiateB, salphosmiates, 
snlphaurates, sulphotungstates, snlphomolybdates, and sulpho- 
vanadiates. 

Sectioh I. — Tlie oxides, sulphides, selenides, and tellurides, 
SAI/rS OF OXYGEN, SULPHUE, SELENIUM, AND TBLLUBIUM. 

We have already seen that these four acid-radicals are bibasic, 
and that the following formulae are some of those which belong 
to the various combinations of metals with oxygen — (Mj)jO, 
ICjO, (MJjOg, MjOj, MjGj, MjOg, — ^while, besides these conmion 
oxides, which can exist in the isolated condition, there are many 
others which play the part of acid-radicals, and are only known 
to us in combination with a basic constituent : such compoimds 
are represented by the following formulae among others : — MO, 
MOj, M0„ MG^, MjO^, MjG^, &c. And in addition to these hy- 
pothetical compounds of metals with oxygen, there are numerous 
existing combinations of oxygen with other acid-radicals. What 
has been here said concerning oxygen, is true also as r^;ards 
sulphur, and to a great extent with reference to selenium and 
tellurium. 

In common with other polybasic radicals, the members of the 
present subdivision possess the power of combining with, and 
uniting in one salt, separate single equivalents of two different 
basic radicals ; and although, in the class before us, one of these 
basic bodies is invariably hydrogen, yet, in salts containing more 
complex acid-radicals, two different metals are frequently com- 
bined with one and the same equivalent of acid-radical. The 
hydrates and sulphydrates already mentioned are salts in which 
this peculiarity occurs (1 eq. of hydrogen and 1 eq. of metal 
are united with a single equivalent of the biatomic radical oxy- 
gen) ; and they are comparable with the oxides and sulphides, in 
which 2 eqs. of metal axe united with a single equivalent of the 
biatomic radical : — 

Oxides. Hydrates. Sulphides. Sulphydrates. 

MMO. MHO. MMS. MHS. 
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The salts of the present subdivisioii may be recognized by the 
employment of the same means that are used for the detection of 
the members of the preceding subdivision : i. e., 1st, by the for- 
mation of insoluble compounds ; 2xid, by their decomposition^ and 
the subsequent rec(^nition of their add-element. 

SiXTS OF OXYOEN, OB OXIDSS. 

There are very many oxides known ; as a general rule they 
may be regarded as very stable salts. Many oxides are of bril- 
liant colours ; some are white. Several of the oxides which occur 
in nature, and also of those which have been fased or ciystalHzed, 
possess a metallic lustre. 

Oxides, when heated upon charcoal, are frequently reduced to 
the metallic state ; some, indeed, are thus decomposed by heat 
alone, others by the joint action of heat and of the affinity, 
for the oxygen of the salt, which the carbon exerts. There are 
oxides, however, which can be decomposed only by the most 
powerful chemical agencies. The various blowpipe reactions of 
the metallic oxides have been already described under their re- 
spective metals. 

The Hydeate of Hydbooen (HHO), hydric acid, or water, is a 
body too well known to need description : it plays the part of an 
add, exchanging 1 eq. of hydrogen, under suitable conditions, 
for an equivalent of a different basic radical ; but so nicely are 
the opposing properties of its constituents balanced, that it is 
a very stable body, and is quite neutral with reference to a great 
many salts. This neutrality, combined with its vast solvent 
power on solids, liquids, and gases, renders water of the utmost 
service in chemical operations ; and in this capacity of a solvent 
it cannot be replaced by any known substance. The presence of 
water in certain salts as water of crystallization or of hydration 
is little understood; but perhaps it is connected in some way 
with this neutrality of which we have been speaking. 

Tliere is no oxide known which is soluble in water vnChout de^ 
composition ; for all the oxides upon which water seems to exert 
a solvent action are in fact decomposed by it. When water is 
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viewed as hydric acid, this change becomes intelligible; with 
oxide of potassium it may be represented thus — 

KKO+HHO«:KHO+KHO. 
Water, indeed, may be regarded as the normal oidde of hydrogen, 
but, being itself the universal solvent, cannot be regarded as 
soluble. 

The presence of oxygen cannot be well ascertained by double 
decompositions in which oxides and hydrates are precipitated ; 
it is always preferable to employ other means. Those me- 
thods which are admissible are of two kinds : in one we prove 
the absence of all other salt-radicals except oxygen ; and in the 
other we detect the oxygen by the decomposition of the salt 
under examination. 

For the sake of comparison with the salts of other acid-radicals, 
we give a few of the more important insoluble oxides and hy- 
drates, produced by the action of a solution of hydrate of potas- 
sium on the different metallic solutions, neither reagent being in 
excess. 

The PoTAssiiTH, Sodiitm, and AMM0im7M Salts (hydrates) are 
very soluble in water. 

The Babitm, Stbontixth, CALcitrM, and Maokesium Salts (hy- 
drates) are somewhat sparingly soluble. 

The Cupeous Salt ([Cu^JaO) is orange-yellow. It is soluble 
in most acids. 

The Cupbic Salt (CuHO) is blue. It is soluble in hydrate of 
ammonium^ and in most acids. 

The Silvee Salt (Ag^O) is brown. It is soluble in hydrate of 
ammonium, and in most acids. 

The Mebcxjbous Salt ([HgaJ^O) is brownish black. It is 
soluble in most acids. 

The Mebctjbic Salt (HgHO, H^O) is yellow. It is soluble in 
most acids. 

The Lead Salt (PbjHOj,) is white. It is soluble in most 
acids. 

The other oxides and hydrates have been already described 
under their respective metals in Chapter YI. 
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a. The negative evidence mentioned above as being employed 
in the identification of the compounds of oxygen, will not need 
farther description; but the method of recognizing the salts of 
the radical now under consideration, by its elimination, may be 
here noticed. 

ft. The oxides which can be decomposed into metal and oxygen 
by the mere action of heat are few in number. Of these the 
oxygen salts of silver, mercury, and gold are the most important^ 
Lead also, under certain circumstances, may be obtained by 
heating its oxide. If a smaU quantity of oxide of silver (Ag^O) 
be heated in a dry test-tube, it will readily split into metalHo 
silver and oxygen gas, the latter being easily recognizable by the 
usual test, — ^the insertion, into the vessel used for the experiment, 
of the glowing end of a wooden match which has been previously 
lighted, allowed to bum for a minute, and then blown out. If 
there has been only a small quantity of oxygen liberated, the red- 
hot end of the match will only glow more brightly ; but if a con- 
siderable amount, it will be rekindled. 

SALTS OF SULPHtJE, OR SULPHIDES. 

A great resemblance exists between these salts and the oxides, 
some of them possessing remarkably brilliant colours, others 
again being of an intense brown colour, or even black. When 
fused, or naturally occurring in crystals, many sulphides have a 
peculiar metallic lustre. To these salts belong the same formute 
as those given under the salts of oxygen. 

When heated before the blowpipe, sulphides are generally de- 
composed, the sulphur they contain being oxidized into the sul- 
phurous or sulphuric radical, which remains combined with the 
metal ; but, on the other hand, when the sulphites and sulphates 
thus produced are heated on charcoal, they are for the most part 
reduced to the state of sulphide. Sulphides, when heated alone in 
the air, often yield the oxide, and sometimes even the metal. 

The Htdeogen Salt (Hj,S), hydrosulphuric or sulphydric 
acid or sulphuretted hydrogen, is a gas at ordinary temperatures 
and pressures, possessing a peculiarly disagreeable and sickly 
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smell, and being Tery poisonous and narcotic. It may be con-^ 
densed, by combined cold and pressure, into a colourless transpa- 
rent liquid, more mobile and less adhesiye even than ether, while 
by further cold it may be made to assume the solid form, and 
then appears as a white crystalline mass. The gas has a density 
of 1*191. Water dissolves about its own volume of sulphuretted 
hydrogen at the common temperature, forming a solution which, 
by exposure to the air, oxidizes, a deposit of sulphur taking place. 
The gas is combustible, burning with a blue flame, and may be 
ignited at a comparatively low temperature, as by a red-hot coal ; 
the products of its combustion are sulphurous anhydride (SO^) 
and water : 

H,S+30=H,0+S0,. 

Most sulphides are insoluble in water, although many are 
soluble in acids. The sulphides of the first and second subdivi- 
sions are, however, soluble in water, though it may be presumed 
that they really undergo a decomposition during solution, be- 
coming partially converted into sulphydrates, just as certain oxides 
yield hydrates under similar circumstances : 

KKS + HHO =KHS + KHO. 
With hydrosulphuric acid solution instead of water only, 2 eqs. 
of the sulphydrate are formed : 

KKS+HHS=KBS+KH8. 

The chief insoluble sulphides have been already described 
under their respective basic radicals ; for the sake of comparison, 
however, with the salts of other acid-radicals, we give a list of 
the more important, premising that, of the insoluble sulphides 
given, all but the six first are precipitable from their neutral 
solutions by sulphuretted hydrogen. 

The Potassium, Sodium, Ammokhtm, Babium, Stbonttox, Cajt- 
ciuu, and Maonesium Salts are soluble. 

The Febeous (Fe, S) and Perbic ([Fe,], S,) Salts are black. 

The Makoakous Salt (Mn, S) is buff or flesh coloured, and 
soluble in dilute acids. 

The Cobalt (COgS) and Nickel (Ni,S) Salts are Uack, and 
soluble in dilute adds. 
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Thb Znrc Salt (Zn, 8) is white, insoluble in water, but soluble 
in dilate adds. 

The Cadkixtic Salt (Cd^ S) is bright yellow. 

The Cupeous ([Cu^l S), Cupbic (Cu, S), Silvee (Ag, S), Meb- 
cxmous ([HgJa S), Meecueic (Hg, S), Lead (Pb^, S), and Palla- 
Dious (Pd, S) Salts are black or brownish black, and insoluble 
or nearly so in cold water and in dilute acids. The cupric sul- 
phate is easily oxidized by atmospheric oxygen into the sulphate. 

The Stannous Salt (Sn^ S) is brownish black. 

The Stahkic Salt (Sn^ S,,)) is white, inclining to yellow. 

The AKTmoinous (Sb^Sg), AjsmMomc (Sb^S^), Absenious 
(ASjS,), and Aeseihc (ASj,Sj) Salts are of a fine orange yellow 
colour, inclining to red. 

The presence of sulphur in its compounds may be recognized 
also by processes of decomposition : — 

a. Most sulphides, when warmed with strong hydrochloric or 
sulphuric acid, decompose with evolution of hydrosulphuric acid 
gas (the odour of which is so characteristic), and occasionally 
also with separation of sulphur : 

M,S+H,SO,=H,S+M,SO,. 
When nitric acid is employed, the sulphide is generally oxidized 
and converted into the corresponding sulphate or nitrate (see S,). 

p. When an insoluble sulphide is fused with carbonate of 
sodium on charcoal, sulphide of sodium (JN'a, S) is formed ; and if 
the mass be then scooped out, laid on a silver coin and moistened 
with water, a black stain (Ag, S) is immediately produced. 

y. When hydrosulphuric and sulphurous acids meet in the 
presence of water, a white or very pale yellow precipitate of sul- 
phur is produced, while the solution will be found to contain an 
acid known as pentathionic (H^ SjO^) : 

6H,S+6H,S03=H,S,0e+9H,0+6S. 

white ppt. 

5. Very generally, when sulphides are boiled with nitric acid, 
a separation of sulphur takes place, and the latter substance 
often fuses and fl.oats as an oily globule upon the surface of the 
liquid, solidifying, on cooling, in the form of a little circular cake. 
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This action of nitric acid also gives rise to the simnltaneoiLS for- 
mation of sulphuric acid, and to the most highly oxygenated com- 
bination which the metal of the sulphide employed is capable of 
forming : thus with ferrous sulphide — ^^ 

2Fe, S+10HNO3=2re, (N03)3+H, S0,+4H,0+S+2N,0,. 
ferroug ferric nitrate. Bulphuric ppt. 

sulphide. acid. 

€. A very excellent test for the presence of sulphur in the 
form of a soluble sulphide (and by process /3.- all insoluble sul- 
phides may be made to yield the soluble sulphide of sodium) is 
found in a solution of nitroprusside of sodium. The most minute 
trace of sulphur is discoverable by the magnificent violet or purple 
colour which a drop of a dilute solution of this reagent imme- 
diately produces. 

Kydrosulphuric acid and other soluble salts of sulphur ar^ 
usually detected by the formation of coloured metallic sulphides, 
and particularly by their action on lead salts (which, for this 
purpose, may be applied in the form of aqueous solution to strips 
of white paper), and also by the tests a, /3, y, e. 

SALTS OF SELENIUM, OR SBLBNIDE8. 

A most marked resemblance exists between the selenides and sulphides ; 
they do not, however, possess the same variety of brilliant colours, most of 
them, when freshly precipitated by hydroselenic acid (H^ Se) being brownish 
black or flesh-coloured. Natural selenides often possess a metallic lustre. 

When heated on charcoal in the air, the selenium of these salts bums 
slowly with a reddish blue flame, with evolution of a most powerful odour 
of horse-radish, due to the formation of a gaseous oxide of selenium, probably 
SeO. Selenium is more slowly expelled from selenides, by this process of 
" roasting," than sulphur frt>m sulphides. 

The Hydbogen Salt (H^ Se), hydroselenic acid or seleniuretted hydm- 
gen, is a gas under ordinary circumstances, of specific gravity 2*796. At 
first, its smell seems to resemble that of the corresponding sulphur acid ; but 
it subsequently painfully affects the mucous membrane of the nose, and 
destroys the sense of smell. It is intensely poisonous. It bums witii a 
bluish flame. It is more soluble in water than hydrosulphuric add ; the 
aqueous solution decomposes by exposure to the air, depositing selenium in 
red flakes. 

Most selenides are insoluble in water ; but they have not been much studied. 

The Potassium and Sodium Salts are the best known soluble selenides. 
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ThflaeaallB greatly raaenliletiieBeiaiidea; tfcev; ho«vi«r. partake bqvp of 
the character of allojs (or e uaa lanaiin na of aetak wiOk oat aDother) Aaii of 
that of saline oompoonda. In teDnridestheaieCallieappearaneeof dwhase 
radical is scarcel j masked hj the telfairiom ; even the pot s ssii i n i salt has a 
metallic Instre. The teUarides of tiie heavy mr ta U . obtained by pMsing 
teUnietted hjdrpgen dooo^h their aqatBom 9Qhitioiia» are geaerallj brown or 
black, and insoloUe in water. 

When teUurides are heated on diarcoal before the blowpipe, the tdlo- 
nam boms with a blue flame edged with green, and emits a peooliar odour, 
different from that of sdeniom. 

Tna Htdboobt Sait (H^TeX hydrotellmic add or tellarelted l^ydroi^]), 
is a gas of specific gravity 4*489, its odour somewhat resembling that of 
the corresponding sulphur compound. It is poisonous. It is absorbed by 
water, imparting to that solvent a pale red colour; the aqueous solution, hj 
exposure to the air, becomes brown, from separation of tellurium. 

Most teUurides are insoluble in water ; but they hare not been muoh itudied. 

Ths Potassium and Sodium Salts are soluble in water. 

Thb Cupbio, Silybb, Mbbcuric, and Lbad Salts are brown or bliiok pro« 
cipitatee, insoluble in water. 



• 
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The paMenoe of tellurium in its compounds may be readily recognised by 
sereral processes of decomposition : — 

a. A tellnride treated with hydrodiloric add erolres telluretted hydrogen, 
the odour of which is characteristic. Nitric add conyerts tellurides into 
tellurites. 

/3. A telluride fused with carbonate of sodium on charcoal, transferred to 
a direr surface, and then moistened with hydrochloric add, imparts a brown 
stain to the metaL 

y. Sulphurous add and several other dmilar resgents produce, in aqueous 
solutions of hydrotelluric add, a dark brown predpitate of tellurium. 

^. If a telluride be fused with hydrate of potasdum, the fused mass dis- 
solred in water, and the solution exposed to the air, tellurium will be pre- 
dpitated. 

Sectiok II. — The hypostdphites, svlphUes, hyposulphates, tri- 
thionates, tetrathionateSf jpentatMonates, and siUpTuUes ; the 
seUnUes, seUniates ; tdhirites, and teUuriates, 

SALTS OP THE COMPOUin) ACID-RADICALS WHICH CONTAIN 
SULPHUB, SELENIUM, AND TELLURIUM COMBINED WITH 
OXYGEN OR AMONG THEMSELVES. 

The acid-radicals which contain oxygen, sulphur, selenium, 
and tellurium are bibasic, like these elements themselves. A 
sulphate, just like a sulphide, may contain two different bade 
radicals — 1 eq. of a metal, for instance, together with 1 eq. of 
hydrc^n. With the sulphurous and several other acid-radicals 
of the present section, such compound or double combinations 
are known to occur ; and the remainder have not as jet been 
suffidently investigated. 

Of the odd-radicals containing sulphur combined with oxygen, 
those existing in the acids or hydrogen salts termed hyposul- 
phurous, sulphuroxLS, and sulphuric are the most important in an 
analytical point of view. 

SALTS OF THE HTF08ULPHUR0US RADICAL, OR HTPOSULPHITBS. 

The hyposalphites of the first and second subdivisions of the basic radicals 
are best known ; and firom them most of the other hyposulphites may be pie* 
pared. They may be formed in various ways : when, for instance, an i>Hr«JtTift 
sulphite is boiled with sulphur, the sulphur is dissolved in considerable 
quantity, the following reaction taking place : — 

KaSOj+S=KaSaO,. 
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The sodium salt is largely prepared, and may be made by boiling s strong 
solution of the hydrate with excess of sulphur, and then passing sulphurous 
add gas (SO,), eyaporating and dystallizing the solution. 

Many hyposulphites, when heated on charcoal, yield a large quantity of the 
corresponding sulphides. When heated alone with access of air, they yield 
water, sulphurous add, and sulphates ; out of contact of air they are resolved 
into water, hydrosulphuric add, and sulphur, which volatilize, while a mix- 
ture of alkaline sulphides, sulphites, and sulphates remains. 

The hyposulphites of the first and second subdivisions of the basic elements 
are tolerably stable if kept out of contact of air ; but the remainder are ex- 
ceedingly unstable, and can scarcely be said to exist Hyposulphurous an- 
hydride (83 O2) is itself a very unstable substance ; but its elements being 
capable of uniting in other proportions to form compounds of extreme staM- 
lity, readily yield such products: any excess of sulphur left unoombined 
with oxygen is dther predpitated or, by entering into comMnation with a 
portion of the metal present, produces a sulphide. Thus hyposulphite 
of silver (Ag^SaOg) undergoes the following changes on heating, or by 
standing: — 

Ag2 S, 03-|-H20=Ag, S+H, SO,. 

white black 

hyposulphite sulphide 

of silver. of silver. 

Thb Htdroosn Salt (H^SjOg), or hyposulphurous add, is believed to 
be produced when hyposulphites are decomposed by stronger adds, as when 
hyposulphite of lead is diffused in water at 0° C, and a stream of hydro- 
sulphuric add gas allowed to act upon it, — sulphide of lead being predpi- 
tated, and hyposulphurous add obtained in solution. This add, however, 
speedily decomposes, thus — 

HpSa03=ELS03+S. 

hypo- sulphurous 
sulphurous add. 
acid. 

The hyposulphites may be recognized by the formation of certain insoluble 
salts, and by the decompodtion of their add-radical. 

The hyposulphites of the first and second subdivisions of basic radicals are 
soluble, with the exception of the barium salt. Nearly all the remaining 
salts are, as £Eur as known, insoluble in water. 

Thi Potassium and Sodium Salts are soluUe. The latter is much em- 
ployed in photographic processes, for dissolving iodide, bromide, and chloride 
of ^ver. 

The Barium Salt is produced by the action of a soluble barium salt on a 
tolerably concentrated solution of hyposulphite of sodium (Na^SjO,). Its 
formula is Ba^ S, O, +aq. It is somewhat soluble in water, soluble in hydro- 
chloric add, wh^ with nitric acid it is converted into the sulphate. 

The Strontium, Calcium, and Magnesium Salts are soluble. 

The Ferrous, Cuprous, and Cupric Salts, also many other salts of the 

o 
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metals contained in the third and fourth sabdiTieions of the basic radicals, 
are soluble in water. 

The Silver Salt is a white precipitate, which becomes yellow, red-brown, 
and finally black, sulphide of silyer being produced. Its formula is Ag, Sj O3. 
It is slightly soluble in water, and very soluble in alkaline hyposulphites ; if 
to this solution a soluble chloride be added, it gives no precipitate when excess 
of alkaline hyposulphite is also present 

The Mebcubous Salt does not appear to exist, a black precipitate of sul- 
phide being produced. The Mebcdbio Salt is white or yellow, becoming 
brown or black on boiling, from formation of mercuric sulphide. 

The Lead Salt is a white precipitate, which becomes black below 100^. 
Its formula is Fb, S, O3. It is soluble in 3266 parts of water, and easily 
dissolves in alkaline hyposulphites. By nitric acid it is converted into the 
sulphate, which is very insoluble. 

The hyposulphites may also be recognized by the following processes of 
decomposition : — 

a. When an add is added to a soluble hyposulphite, an immediate pre- 
cipitation of sulphur occurs, the hyposulphurous add set free being at once 
resolved into sulphurous add and sulphur : 

Na^ Sa O3+2H01=2NaCl+Ha 0+SOa+S. 

ppt. 

The sulphurous add (H, SO3) decomposes instantly into water and sulphu- 
rous anhydride, the latter being readily recognizable by its odour. 

p. When a hyposulphite is fused with carbonate of sodium on charcoal, a 
sulphide is obtained which, when treated with an add upon a silver surface, 
gives a black stain of sulphide of silver, while hyposulphites previous to 
fusion give no such result. 

y. When a soluble hyposulphite is brought in contact with a hydrochloric 
solution of stannous chloride, a brown predpitate of stannous sulphide is 
produced. 

This radical is generally recognized by the decompositions which its various 
combinations so easily undergo. The changes which the hyposulphite of 
silver suffers, and the tests a, j3, and y. are perhaps the most charaoteriBtic 
examples of these methods of identification. 

SALTS OF THE STJLPHTJBOUS SASICAL^ 0£ SULPHITES. 

These salts are bibasic. They are of much easier production 
than the hyposulphites, and are much more stable. Sulphurous 
anhydride (SO^) is produced whenever sulphur is burnt in the 
air ; and from it the sulphites may in general be obtained. Sul- 
phites have a tendency to absorb oxygen from the air, especially 
when kept moist or in solution, and by so doing pass into sul- 
phates : 
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M,B03+0=sM,S0,. 
On account of this property, sulphurous acid eind other sulphites 
are employed as reducing agents. 

Heated on charcoal, many sulphites yield the corresponding 
sulphides, while others are reduced to the metallic state. 

The Htdeoqen Salt (H^ SO3), sulphurous acid, is known to 
exist only in comhination with water, the compound having the 
formula H,S0,+8aq, and occurring in white crystals. It is 
decomposed with great readiness into the substance known as 
sulphurous anhydride, or sulphurous acid gas (SO,), and water. 
This gas has a density of 2'222 ; its odour is most unpleasant, 
and produces a painful choking sensation. By a cold of —12^ 
it may be liquefied, and at a lower temperature it may even be 
solidified ; it may also be rendered Hquid by the pressure of from 
three to five atmospheres at the ordinary temperature. 

The sulphites may be recognized not only by the formation of 
insoluble salts, but also by the transformation and decomposition 
of their acid-radical. 

The majority of the sulphites are insoluble in water and in 
saline solutions. The sulphites of the alkaline metals and the 
add sulphites (MHSOg) are, however, soluble. All sulphites are 
readily soluble in weak acids, the sulphurous acid being easily 
displaced. Of the insoluble sulphites the most interesting and 
characteristic are the barium, cuprous, argentic, and plumbic 
salts. 

The Potassium and Sodium Salts are soluble. 

The Barium Salt is produced by the action of soluble barium 
salts on solutions of the alkaline sulphitea. It is a white preci- 
pitate, having the formula Ba^SOg. It is scarcely soluble in 
water, but soluble in sulphurous, hydrochloric, and dilute nitric 
acid, if the sulphite were quite free from sulphate. Upon slightly 
heating the nitric acid solution, the sulphite of barium it con- 
tains is converted into sulphate, which, being very insoluble, is 
immediately precipitated. 

The Cufbous Salt is obtained when a cupric salt is mixed with 
an alkaline sulphite, the cupric sulphite first formed splitting 

o2 
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into cuprous sulphite, cupric sulphate, and sulphurous an« 
hydride : 

3(X SO3 = ((W SO3 + Cu, S0^+ SO,. 

cuprous 
sulphite. 

It is a light brown precipitate, scarcely soluble in water, soluble 
in ammonia water and dilute sulphuric acid, but decomposed by 
most acids. 

The Argentic or Silver Salt is precipitated from silver salts 
by a soluble sulphite, as a white granular precipitate, which, when 
boiled in the solution from which it has been deposited, decom- 
poses into metallic silver, and sulphuric acid which remains in 
solution. The formula of the argentic sulphite is Ag, SO3. 

It dissolves in alkaline sulphites, and in ammonia water, but 
scarcely in sulphurous acid or water. 

The Mebctjet Salts do not appear to exist. 

The Lead Salt is a white precipitate, which has the formula 
Pbjj SO3, and which is insoluble in water, decomposed by strong 
acids, and by nitric acid especially ; with the aid of heat it is 
converted into sulphate. 

Sulphites may also be recognized by the decompodtion of their 
acid-radical : — 

a. Sulphurous acid, when produced by the action of strong 
acids (such as hydrochloric acid) upon sulphites, decomposes in- 
stantly into sulphurous anhydride (SO,) and water^ no sulphur 
being precipitated, 

/3. Sulphites fiised with carbonate of sodium on charcoal yield 
sulphide of sodium, which may be recognized by its action on 
metallic silver. 

y. A hydrochloric solution of stannous chloride added to a 
soluble sulphite produces a gradually increasing precipitate of 
brown sulphide of tin. But if to the solution of a soluble sul- 
phite some quantity of hydrochloric acid be first added, and sub- 
sequently some stannous chloride, — and if, imder the glass plate 
which covers the containing vessel, a slip of lead paper be sus- 
pjBuded, this latter will speedily be blackened by the sulphuretted 
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hydrogen given off. The formation of the brown or brownish 
yellow precipitate of sulphide of tin, and the evolution of hydro- 
sulphuric acid, are due to the tendency which sulphites possess 
to pass into sulphates, by a change in which a portion of sul- 
phur already combined with oxygen parts with that element, 
in order to increase the proportion of oxygen in the remaining 
compound. The sulphur thus liberated unites either with tin or 
hydrogen, according to the conditions of the experiment. 

3. The action of sulphuretted hydrogen (H^ S) upon sulphurous 
anhydride (SO^) has been already described (p. 285, y). 

€. Soluble sulphites treated with zinc and hydrochloric acid 
evolve sulphuretted hydrogen, which may be tested in the usual 
way with lead paper. 

f . A soluble sulphite acidified with hydrochloric acid, de- 
colourizes permauganate of potassium (EIMjIjO^), reduces ferric to 
ferrous salts, aud in general exerts a powerful reducing action. 

The methods chiefly employed for the recognition of the sul- 
phites are these : — ^the precipitation and metamorphoses of the 
barium and silver salts, and the tests a, /3, y, ^, e, ^ ; they are 
more particularly distinguished from the hyposulphites by the 
test a, in the case of the sulphites no precipitate occurring, while 
with the hyposulphites a deposit of sulphur takes place. 

SAI/rS OF THE HTP08ULPHUBIC RADICAL, OB HYPOSULPHATBS. 

The manganese salt of this radical is generally prepared ; and from it the 
other compounds may be obtained. Binoxide of manganese suspended in 
water, and sulphurous acid gas (SOj) passed through it, yields hyposulphate 
of manganese tolerably free from sulphate if the temperature of the solution 
below: 

Mn2 02+2S02=Mn2 SaOg. 

When heated, in some cases only to 100°, these salts evolve 1 eq. of sul- 
phurous add gas, and leave a neutral sulphate : 

Mn^ B^Oq=Mji^ SO^+SOa. 

The Htdeogbn Salt (HaSjOe), or hyposulphuric acid, is a strongly add 
liquid, which by exposure to the air is converted into sulphuric add ; by 
ebullition it also decomposes, just as the other salts decompose, viz. — 

Then am no knaton h^^poaulphates inaohMe in water. 
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The hyposalphatoB may be identified by the decompoflition of their acid- 
radical: — 

a. The addition of a strong acid to a hyposulphate liberates hyposulphuric 
acid ; and if the solution be then boiled, sulphurous acid gas escapes, sulphuric 
add remaining in solution, which may be tested in the usual manner : no 
deposit of sulphur takes place. 

/3. Fused with carbonate of sodium on charcoal, hyposulphates yield 
sulphide of sodium. 

y. Dilute hyposulphuric acid, or a soluble hyposulphate acidified with 
hydrochloric acid, dissolves zinc without forming hydrosulphuric add ; but 
after ebullition it behaves as a solution of sulphurous add would. 

i. Hyposulphuric add does not decolourize permanganate of potassium, 
nor reduce ferric sulphate, nor predpitate sulphur from hydrosulphuric 
add ; but after boiling it behaves as sulphurous add. 

For the detection of this radical the tests just described may be used, 
while, for distinguishing it from the hyposulphurous and sulphurous radi- 
cals, the reactions described under y, and d. may be employed. 

SALTS OF THE TBITHIONIC RADICAL, OR TRITHIONATES. 

Of these salts, which are prepared with difficulty, that of potassium is the 
only one well known. The general formula of the salts is M^SjOg ; they 
are all soluble in water, and are easily destroyed. 

SALTS OF THE TETRATHIONIC RADICAL, OR TETRATHIONATES. 

Several tetrathionates are known, which are not very soluble in water, 
and much more stable than the trithionates. The Htdrogen Compound 
(H^S^Og) may be boiled without decompodtion, thus differing from tri- 
thionic add. 

SALTS OF THE PENTATHIONIC RADICAL, OR PENTATHI0NATE8. 

The pentathionates are very prone to decompodtion. Their general for- 
mula is M^SgOg; but one or two add salts (MHS^Og) are known. The 
JStdrooen Compound is very soluble in water, has an intensely add taste, 
and gives predpitates with copper, silver, mercury, and lead salts, of various 
colours at first, but which speedily become dark brown or black, the sulphide 
being formed. 

SALTS OF THE SULPHTTEIC RADICAL, OE SULPHATES. 

The salts of the sulphuric radical are more stable than those 
of any other acid-radical containing sulphur and oxygen ; and it 
is indeed remarkable in this respect among compound add- 
radicals in general. It is in the form of combination which we 
are now considering that sulphur exists, to a considerable ex- 
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tent, in nature, and supplies the necessary quantity of this ele- 
ment to the animal and vegetable economy. The sulphates are, 
with few exceptions, soluble salts, and are met with in all, or 
almost all, the different varieties of water found in the earth. 

Many sulphates, when heated alone on charcoal, yield the 
metal ; others, such as those of magnesium and zinc, are resolved 
into metallic oxides, — ^while some few give a residue of sulphide. 
In all cases, however, a mixture of sulphuroxLS (SO^) and car- 
bonic (COg) anhydrides is evolved. 

The HroBoaEN Salt (H^SO^), or sulphuric acid, is a dense 
liquid, to which the common term " oil of vitriol" is by no means 
inappropriate. The density of the acid H^SO^ is 1'848; it 
evolves great heat when mixing with water, and combines with 
it to form a hydrated sulphuric acid, which is strictly analogous 
to a sulphate with 1 equivalent of water of crystallization, has 
the formula H^SO^+aq, and crystallizes at 9° C. Other such 
hydrates are known, such as H,, S04+2aq. There is an acid ob- 
tained by distilling ignited and oxidized ferrous sulphate and 
receiving the products in ordinary oil of vitriol, which is termed 
Nordhausen sulphuric acid, or fuming oil of vitriol : this liquid 
has a specific gravity of 1*896, and contains dissolved in it a 
substance which is known as anhydrous sulphuric acid, or sul- 
phuric anhydride (SOg), and which may be separated from the 
filming add by distillation. Thus obtained, it occurs in long 
silky needles; it bears the same relation to sulphuric acid 
(Hj, SO^) as sulphurous anhydride (SOj,) does to sulphurous acid 
(H,SO,). 

The great majority of the normal sulphates (Mj, SO^), all the 
acid sulphates (MHSO^), and all the so-called tersulphates are 
soluble in water. The few sulphates that are insoluble or spar- 
ingly soluble in water are dissolved to some extent by strong 
sulphuric acid. 

Sulphates may be recognized by the formation of insoluble 
salts, and by the decomposition of their acid-radical. 

The barium, mercuric, and lead salts are among the more im- 
portant insoluble sulphates. 
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The Potassittm and Soditth Salts are soluble. 

The Barium SiQt is produced bj the addition of a soluble 
barium salt to sulphuric acid, or to a neutral or add solution of 
any sulphate : it is a heavy white precipitate. 

Its formula is Ba^^ SO^. 

It requires 43,000 parts of cold water for its solution, and 
is but slightly more soluble in hot water, acids, or saline solu- 
tions, although there are circumstances in which certain organic 
salts, those of citric acid especially, prevent the precipitation of 
sulphate of barium. It dissolves sparingly in concentrated sul- 
phuric acid. 

The Stbontitjm Salt is produced by the addition of a soluble 
strontium salt to sulphuric acid or to solutions of soluble sul- 
phates (even of sulphate of calcium) : it is a white precipitate. 
Its formula is Sr^ SO^. It is soluble in 6895 parts of water at, 
14°, and in 9638 parts of boiling water. 

The Calcium Salt is produced by the addition of a soluble* 
calcium salt to sulphuric acid or to solutions of soluble sulphates., 
It is a white precipitate, to which the formula Ca^ S0^+2aq haa' 
been assigned. It is far more soluble than the corresponding 
strontium salt, 1 part requiring only 460 parts of boiling or cold 
water for its solution. 

The Magnesium, Eebrous, Fskric, Manoakous, Cobalt, Nickel, 
Zinc, Cadmium, Cuprous, and Cupeic Salts are soluble. 

The Silver Salt (AggSO^) is sparingly soluble, 1 part re- 
quiring 87 of water for solution ; it is more soluble in nitric add, 
and very much more soluble in sulphuric acid. 

The Mebcueous Salt is produced by the addition of a so- 
luble mercurous salt to sulphuric acid or a soluble sulphate. 
Its formula is (Hg2)2S0^. It is somewhat soluble in water; 
but a basic salt is thereby produced. It dissolves in di- 
lute nitric acid, but is reprecipitated on the addition of dilute 
jBulphuric acid. It dissolves abundantly in strong sulphuric 
acid. 

The Mebcubic Salt is obtained by precipitating a mercuric 
salt with a soluble sulphate at a high temperature. It is a basic 
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salt (HgjSO^jSHgaO). It dissolves in 2000 parts of cold, or 
600 of boiling water. 

The Lead Salt is obtained by the addition of a soluble lead 
salt to sulphuric acid or a solution of a soluble sulphate. It is a 
dense white precipitate. Its formula is Pb^ BO^. It dissolves in 
22,816 pairts of water at 10°, and in 36,505 of dilute sulphuric 
acid ; it is more soluble in concentrated sulphuric acid, and also 
in nitric acid. Certain ammonium salts also dissolve it sparingly. 

The sulphates may also be recognized by the following tests : — 

a. When sulphates are acted on by strong mineral acids, no 
apparent liberation of the acid (H^ SO^) takes place, nor is any 
characteristic reaction produced. 

fi. Sulphates, when Aised on charcoal with carbonate of so- 
dium, are reduced, in common with other salts of radicals con- 
taining sulphur and oxygen, to sulphides. 

y. Sulphuric acid and sulphates do not yield any trace of 
hydrosulphuric acid on the addition of hydrochloric acid and 
stannous chloride. 

d. Sulphuric acid and sulphates give no characteristic reaction 
with sulphuretted hydrogen. 

e. Sulphuric acid and sulphates are not reduced to a lower 
stage of oxidation by hydrochloric acid and zinc. 

^. Sulphuric acid and sulphates exert no reducing action upon 
ferric salts, &c. ; nor do they decolourize permanganate of po- 
tassium. 

This radical is generally recognized by the formation of the 
insoluble barium salt, and by the test fi, — ^while it is distin- 
guished from the other radicals containing sulphur and oxygen, 
by the absence of reaction on the application of the tests 
a> y> ^} €, f . 

Of the acid-radicals containing selenium combined with oxygen^ only two 
are known — ^the selenious and selenic ; for the oombination of selenium with 
oiygen, the gas (SeO), to which is attributed the odour of horseradish produced 
whenever selenium or a selenium compound is heated strongly in the air, 
appears itself to possess no acid characters. 
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SALTS OF THB SBUENIOUS RADICAL, OR SELmilTBS. 

When selenium is burnt in air, or treated with nitric or nitrohydrochloric 
acid, the compound SeO, is produced, analogous to the gas 80^ ; the former 
compoimd is, however, a crystalline solid, which yapounzes at about 900*' C, 
yielding a gas of the colour of chlorine. This body yields the salts termed 
selenites when brought into contact with basic oxides. Selenites easily de- 
compose with reducing agents, giving a deposit of selenium, but are not 
readily oxidized ; nitric add does not convert them into seleniates. 
' When heated alone on charcoal, selenites leave a residue of selenide, or, 
parting with the whole of their selenium, of metallic oxide. 

The Htdbogen Salt (H^SeOg), or selenious add, may be obtained from 
the aqueous solution of the anhydride (SeOj) in crystals resembling those 
of nitre, and soluble in alcohol: when heated, sel^ous add decomposes 
into water and selenious anhydride (SeOj), which sublimes. 

The minority of the normal selenites are insoluble in water ; the selenites 
of the alkaline metals and the add selenites are, however, soluble. They 
may thus be recognized not only by products of decomposition, but also hj 
the formation of insoluble salts. 

Of the insoluble selenites, the barium, ouprio, silver, mercuric, and lead 
salts are the most remarkable. 

The Potassium and Sodium Salts are soluble. 

The BariuHl Salt is produced by the action of a soluble barium salt on 
a soluble selenite: it is a white predpitate. Its formula is Ba^SeO,. It is 
insoluble in water, but soluble in selenious, hydrochloric, or nitric add. It 
is not converted into seleniate by nitric add, thus differing £rom the sulphite. 

The Strontium, Calcium, and Magnesium Salts are white predpitates, 
insoluble, or sparingly soluble, in water. 

The Ferrous, Ferric, Zinc, Cuprous, and many other Salts containing 
metals of the third and fourth subdivisions are white predpitates, insoluble 
in water. 

The Cupric Salt is a crystalline greenish blue predpitate, insoluble in 
water and selenious add, but soluble in ammonia water. 

The Silver Salt is a white crystalline predpitate (AgjSeOg) sparingly 
soluble in cold, more so in hot water : it easily dissolves in nitric add ; and 
from this solution water predpitates it. 

The Mercurous Salt is produced by the action of soluble mercurous 
salts upon solutions of selenites or selenious add. It is a white predpitate, 
insoluble in water and sdenious add. 

The Mercuric Salt is a white predpitate, insoluble in water. 

The Lead Salt is predpitated by a soluble lead salt from solutions of 
selenites or selenious add : it is a dense white predpitate. Its formula is 
Fb^SeO,. It is almost insoluble in water or in selenious add, and but 
sparingly soluble in hydrochloric or nitric add ; it dissolves in hot nitric 
add without decomposition. 
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But selenites may also be readily recognized by the decomposition of their 
add-radical : — 

a. Selenitee heated on charcoal in the reducing flame gire a most power- 
ful odour of horseradish, and often a white incrustation of selenious an- 
hydride. 

p. Selenitee do not giro any characteristic reactions on the addition of 
etrong acids. 

- y. Selenites fused with carbonate of sodium on charcoal, and the resulting 
mass placed on a silver coin and moistened with water, give a brown stain 
of selenide of silver. 

d, Selenites are reduced, giving a red deposit of selenium, by a hydro- 
chlorie solution of stannous chloride, by ferrous salts, and some other re- 
ducing agents. 

e. Hydrosulphurio acid passed through the aqueous or acid solution of 
a selenite of the first and second subdivisions, gives a reddish yellow pre- 
cipitate of selenious sulphide (SeS^), which is soluble in sulpUde of am- 
monium. 

C If a solution of a selenite containing a metal of the first or second subdi- 
vision be acidified with hydrochloric acid, and a plate of iron or zinc im- 
mersed in it, the selenium is deposited either as a copper-coloured film, or 
in red-brown or greyish-black flakes. 

17. If sulphurous acid gas be passed through a neutral or acidified so- 
lution of a selenite, a red precipitate of selenium is produced in the cold, a 
grey one if the solution be heated. 

9. Selenites ignited in a hard glass tube with chloride of ammonium give 
a sublimate of selenium. ' The selenite of ammonium formed in the reaction 
decomposes in the following manner : — 

3(NH Jj SeOa =3 Se-I-4N+2NH3 +9EL, O. 

Selenitee may be recognized by the formation of the insoluble barium and 
and lead salts, and by the tests a, e, ^, 17, and 0, while they are more particu- 
larly discriminated from the sulphites by the tests j9, ^, and 9, 

SALTS OF THE 8ELBNIC RADICAL, OR SBLENIATBS. 

By the action of fusing nitrate of potassium upon selenium, seleuides, or 
selenites, seleniates are formed ; the action of chlorine on solutions of alka- 
line selenites also yields the same products. Seleniates greatiy resemble the 
sulphates. 

Seleniates thrown on glowing charcoal detonate and evolve the charac- 
teristic odour of horseradish, generally leaving a residue of selenide. 

The Hydrogen Salt (H2Se04), selenic acid, has never yet been obtained 
in the pure state ; for, as its aqueous solution evaporates, it exhibits a great 
tendency to decompose into selenious acid and oxygen. From this prone- 
ness to change, it has not yet been foimd possible to obtain the selenic 
anhydride (SeO,), corresponding to sulphuric anhydride (SO3), since the 
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eolation of selenio add (which had nearly the formula H, SeO^), when heated 
above 285°, decomposes rapidly into selenious anhydride, water, and oxygen. 
The concentrated add cTolves nearly as much heat when mixed with water 
as sulphuric add ; it also absorbs water &om the air. 

The great majority of the seleniates are soluble in water. This radical 
may, howerer, be recognized not only by its deoompositionB, but by those few 
characteristic insoluble salts which it forms. 

Of the insoluble seleniates those of barium, strontium, and lead are the 
most characteristic. 

The Potassium and Sodium Salts are insoluble. 

The Banam Salt is produced by the action of soluble barium salts 
upon solutions of selenic add or of seleniates. Its formula is Ba^SeO^. Itia 
insoluble in water, and in hydrochloric or nitric adds; by long boiling, 
however, with hydrochloric add, it is gradually decomposed and dissolved, 
being converted into selenite, thus — > 

Baa Se04+2HCl=Ba2 SeOj +H2 0+2CI. 

The Strontium Salt is a white powder, nearly insoluble. 

The Calcium Salt is unknown ; the MAGNESitJM Salt is soluble. 

The Fesrous, Zinc, Cupbio, Silver, and many other Salts containing 
metals of the third and fourth subdivisions are soluble. 

The Lead Salt is a white precipitate, insoluble in water. 

Seleniates may be recognized by the following processes of decomposition : — 

a. Seleniates heated before the blowpipe on charcoal detonate, emitting an 
odour of horseradish. The same odour is perceived when these salts are 
heated with borax or microcosmic salt. Heated with carbonate of sodium, 
they give the same results as selenites. 

j3. The strong acids in general exert no apparent decomposing influence 
upon selenites ; hydrochloric add, however, long heated with selenic add 
or seleniates, gradually reduces the add to selenious add, aud the salts to 
selenites. 

y. A hydrochloric solution of stannous chloride exerts no decomposing 
action upon seleniates. 

d. Sulphurous add gas (SO^) or zinc with hydrochloric add exert no 
decomposing action upon the selenic radical ; but both selenic add and the 
seleniates give reactions of selenites, after their solutions have been boiled 
for some time with hydrochloric add. 

Seleniates are most readily identified by the formation of the insoluble 
barium and lead salts, and by the action of boiling hydrochloric add upon 
them (j3.). 

Of the acid-radicais containing tellurium combined with oxygen^ only two 
are known. These bear the closest analogy in composition to the compounds 
of selenium ; their hydrogen compounds are known as tellurious (H^TeOj} 
and teUuric (H^TeO^) adds. 
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SALTS OF THB TBLLUBIOUB KADtCAL, OB T&LLTTRITBS. 

Tellurium heated in ilie air or boiled with nitric or sulphuric acid yields 
a body, tellurious anhydride (TeO^), the analogue of SO^ and SeO^. It is a 
white crystalline body, volatile at a high temperature, and fusible at a low 
red heat to a yellow liquid. When brought in contact with water or metallic 
oxides, saline combinations are formed, many of which are easily decomr 
posed, eyen by the carbonic acid of the air. 

Tellurites, heated with charcoal, generally yield tellurium, and a white 
incrustation of tellurious anhydride ; they also impart a green colour to the 
flame. 

The Htdrooek Salt (H^TeOg), or tellurious acid, occurs in white volu< 
minous flakes, which are earthy when diy, redden litmus paper, and have a 
sharp metallic taste. This add, when mixed with water, is resolved at 40*^ 
into water and the anhydride. The body TeOj partakes much of the character 
of a metallic oxide ; and the corresponding sulphate and nitrate are also 
known. 

The tellurites, with the exception of those of the first subdivision, are in- 
soluble, or very sparingly soluble in water. The insoluble salts are in general 
dissolved by concentrated hydrochloric add. 

The Potassium and Sodium Salts are soluble. 

The BaritUn Salt is a white voluminous predpitate, very slightly soluble 
in water, but soluble in strong adds. It is produced by adding together 
solutions of chloride of barium and normal tellurite of potassium (K^TeOg). 

The Strontium and Calcium Salts are sparingly soluble ; the Magnesium 
Salt much more so. 

The Ferrous, Ferric, Zinc, and many other Salts containing the metals 
of the third and fourth subdivisions are yellow or white insoluble predpitates. 

The Cupric Salt is a green predpitate, insoluble in water. 

The Silver Salt is a yellowish white predpitate, insoluble in water, but 
soluble in hydrate of ammonium. 

The Mbrcuroub Salt is yellow when freshly deposited, but rapidly be- 
comes brown. 

The Mercuric Salt is a milk-white predpitate. 

The Lead Salt is white, and, though nearly insoluble in water, dissolves 
readily in acids. 

Tellurites may be recognised by the following processes of decomposition : — 

a. When he^»d before the blowpipe on charcoal in the reducing flame, 
they impart a green colour to the light. 

/3. The addition of a few drops of add, even of the weakest^ to a soluble 
tellurite, decomposes it, liberating and precipitating the add in white flakes. 

y. Most tellurites (the zinc, silver, and some other salts excepted), when 
fusidd with carbonate of sodium on charcoal, give a saline mass, which, when 
dissolved ia water, forms a wine-red solution of telluride of sodium. 

^. A solution of stannous chloride, added to solutions of telluritesi etpe- 
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ciallj on the addition of hydrochloric add, produces a brown-black pre- 
cipitate of tellurium, which, when presaed and rubbed, exhibits a metftllio 
lustre. 

e. Hydrosulphuric add predpitates, from solutions of tellurites, a black 
powder of sulphide of tellurium (TeS,), soluble in sulphide of ammonium. 

Z. The metals zinc, iron, copper, &c. predpitate tellurium from tellurites 
as a black powder ; lead predpitates it in dendritic masses. 

i|. Sulphurous add produces a predpitate of tellurium. 

0. Tellurite of ammonium does not decompose in the same way as the 
selenite. 

Tellurites may best be recognized by the formation of the barium salt, and 
by the tests j3, 7, ^, e, Zi ri, — ^while they may be distinguished from the 
sulphites by the same experiments, and firom the sdenites by the test Q. 

SALTS OF THB TBLLUBIG RADICAL, OB TELLUSIATE8. 

The most common telluriate, that of potassium, is made in the same way 
as the seleniato, by fusing tellurious anhydride, (TeO^) with nitrate of po« 
tassium, or by the action of chlorine on tellurite of potassium. 

Heated on charcoal before the blowpipe, many telluriates yield tellurium, 
the reduction being frequently attended with slight detonation. When 
heated strongly alone, many telluriates fuse, become yellow or brown, and 
eyolve oxygen, yielding tellurites. 

Thb Htdbogbn Salt (Hj^TeO^), or telluric add, is prepared from the 
barium salt. It may be crystallized as the hydrated add (H^TeO^+HaO). 
This, heated to 160^, gives the add H2Te04 ; and this, if more strongly 
heated, yields the anhydride TeOg, an orange-yellow crystalline mass (the 
analogue of SO3 and SeOg). The czystallized add is yery soluble in water, 
but insoluble in alcohol. 

The telluriates of the first subdivision are soluble ; the rest are insoluble, or 
nearly so. 

Thb Potassium and Sodium Salts are soluble. 

The BaritUU Salt is at first a bulky white predpitate, which gradually 
becomes denser. Its formula is 39^00 ^. It is slightly soluble in cold water, 
more so in hot, and easily dissolves, without decomposition, in nitric add. 

GDhe Strontium, Calcium, and Magnksium Salts are somewhat more 
soluble in water than the barium salt. 

Thb Ebbbous, Ebbbic, and most othbb Salts containing metals of the 
third and fourth subdivisions are insoluble, or nearly so, in water. 

Thb Cupbic Salt is pale green. 

Thb Silvbb Salt is deep yellow. It is soluble in hydrate of ammonium. 

Thb Mbboubous Salt is yellowish brown. 

Thb Mbbcubic Salt is a bulky white predpitate. 

TdB Lbad Salt is a white, heavy, somewhat soluble predpitate. 

Telluriates may also be recognized by the following processes of decom- 
position : — 
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a. Telluriates, when heated on charcoal before the blowpipe in the reducing 
flame, impart to it a green colour, often detonating slightlj and yielding 
tellurium and a white sublimate of tellurious anhydride (TeO^). 

j3. By the action of boiling hydrochloric add, telluriates are reduced to 
tellurites. 

7. With carbonate of sodium on charcoal, telluriates (like tellurites) giye a 
mass containing telluride of sodium. 

S, Sulphurous add gas (SO,), passed into a hot hydrochloric solution of a 
telluriate, precipitates the tellurium. 

Telluriates may be recognized by the formation of sereral insoluble com- 
pounds, such as that of barium, and by the tests a. and j3. 

Of the add-radicals containing tellurium combined with sulphur, only 
two are known. Their salts are termed sulphotellurites and sulphotelluriates. 
The sulphotellurites containing the metals of the first and second subdivisions 
are yellow crystalline salts, soluble in water : the insoluble salts of the third 
subdivision are white or yellow ; of the fourth, brown or black. The sulpho- 
telluriates have scarcely been examined. 

Section III. — TJie alvminates, chromiies, chromates, perchromates, 
ferrites, ferrates, manganates, permanganates , hismnthates, 
stannates, metastannates, platinates, rTwdiates, rutheniates, 
iridiates, osmites, osmiates, auraies, tungstites, ttmgstates, 
molybdates, vanadites and vanadiates ; the stdphostannateSf 
sulphoplatinates, sulphorhodiates, sulphorutTieniates, stUph- 
iridiates, sulphosmiates, suJphauraies, sidphomolybdates, and 
sulpTwvanadiates, 

SAI/rS OF THE COMPOUND ACID-RADICALS WHICH CONTAIN 
OXYGEN AND SULPHUR COMBINED WITH METALS. 

A very large class of compound acid-radicals, some of which 
are extremely powerful, are produced by the union of monatomic 
and biatomic molecules of certain basic radicals with a preponder- 
ating proportion of an acid element. Many of these bodies form 
salts of great stability — ^witness the chromates, stannates, tung- 
states, and molybdates ; but their hydrogen compounds, or acids, 
are usually unstable. Some of these compound acid-radicals are 
monobasic, some bibasic, and others tribasic; the latter are 
known, in many instances, to yield acid salts containing 1 or 2 
eqs. of basic hydrogen unreplaced by a metal. 

Most of these add-radicak are very easy of detection. They 
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form numerous insolnble compounds, some of which are of ex- 
tremely brilliant colours; in addition to this, the comparative 
readiness with which they may be caused to decompose, greatly 
fiicilitates their recognition. 

(hie compound odd-radical containing aXuminiwrn and oacygwi is known ; 
or at least the compound called hydrate of aluminium is considered to be an 
acid (aluxninic acid) ; and when this body is acted upon by hydrate of po« 
tassium, the potassium salt is formed. Viewed in this light, the formula 
HsAlgOs may be assigned to the add, and KH^AL^O, to the potassium salt. 
Other modes of representing these compounds may be seen on referring to 
pp. 109, 110. Several aluminates hare been obtained. 

Of the odd-radicals containing chromium and oosygen^ one only is of any 
analytical importance- — ^that, namely, which is contained in chromic acid 
(HChrO^) ; the salts of the other acid-radicals, which are known as chromites 
and perchromates, are of rare occurrence. The chromites have the general 
formula MCr^O, ; the potassium, magnesium, and iron salts are tolerably 
well known. 

SAX.!rS OF THE CH&OMlC ILADICAL, OH CH&OICAXES. 

These salts are usually made from the potassium salt, which is 
easily prepared by fusing chromic oxide ([Cr^JjOg) with nitrate of 
potassium in a crucible. The chromates are often of a red or 
yellow colour. 

Many chromates, when strongly heated, yield chromic oxide 
and oxygen, while others (6.^. chromate of magnesium) yield 
chromites ; other blowpipe reactions of the compounds of chro- 
mium will be found on p. 111. 

The Htdeogen Salt (HCrOj), or chromic add, has not yet 
been isolated; when its aqueous solution is concentrated, fine 
crimson acicular crystals separate, which consist of the compound 
Cr^Oa, t. e, chromic anhydride*. This body possesses the property 
of uniting with 2 eqs. of certain neutral chromates to form new 
salts, which require no additional equivalent of basic radical. 
These salts have been called bichromates ; terchromates are also 
known, and some compounds even which may be termed quadri- 

* Just as chlorochromic acid may be viewed as chloride of chromyle 
(CrO,Cl), so anhydrous chromic acid may be considered as the oxide of that 
radical ([CrOJaO) ; thete is, however, some ground for doubling the formula 
here assigned to chromyle and the neutral chromates. 
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ohromates. All such salts are usually of a darker colour than 
the simple chromates, which are generally yellow. 
The bichromates, &c. are thus formed : — 

2KCrO,+Cr,03=B;Cr,0,. 

bichromate 
of potassium. 

The chromates of the first and second diyisions of the basic 
elements are soluble, the barium salt excepted ; most of the other 
chromates are insoluble in water, but easily soluble in adds. 

The chromates may be recognized) not only by the formation 
of insoluble salts, but by several processes of decomposition. 

The most remarkable insoluble salts of this series are those of 
barium, silver, mercury, and lead. 

The Potassixtm and Sositjm Salts are soluble. 

The Barium Salt is produced by the action of a soluble barium 
salt on solutions of neutral chromates or of bichromates. 

Its formula is BaCrO,. 

It is a pale yellow precipitate, nearly as insoluble in water as 
the sulphate, but soluble in hydrochloric, nitric, or chromic add, 
and in solutions of bichromates. 

The Stroihtcjm, Calcittm, and Maoneshtm Salts are soluble. 

The Fekeic, Manoanovs, and many othek Salts of the third 
subdivision are brown or yellow predpitates, nearly insoluble in 
water. 

The Cupboxjs Salt is unknown. Thb Cupeic Salt is produced 
by adding a cupric salt to a soluble chromate. 'With bichromates 
no precipitate is produced. It is a yellowish brown precipitate. 
It is soluble in nitric acid, and in hydrate of ammonium. 

The Silver Salt is produced by the action of a soluble silver 
salt on a chromate. It is a crimson crystalline precipitate. 

Its formula is AgCrO^. 

It is soluble in alkaline chromates^ in hydrate of ammonium, 
and in acids. When formed in acid solutions, this predpitate is 
the bichromate (AgjCr^O^), and has a more brilliant colour. 

The Mebctjbous Salt is produced by a soluble mercurous salt 
when added to a solution of a chromate : it is a red predpitate.^ 
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Its formula is 'EgfirO^; but frequently the salt SRgJCrO^, (Sg^O 
is precipitated. It is slightly soluble in solutions of ammonium 
salts, in water, and in nitric acid. 

The Meboubic Salt resembles the mercurous salt very closely. 
It is soluble in excess of many soluble mercuric salts. 

The Lead Salt is produced by the action of a soluble lead 
salt on chromate or bichromate of potassium. It is a yellow 
precipitate. 

Its formula is PbCrOj. 

It is slightly soluble in excess of the chromate or bichro- 
mate of potassium, and in hydrate of potassium ; it is inso- 
luble in chloride of anmionium and in water, but soluble in 
nitric acid. 

This acid-radical may also be recognized by the following ex- 
periments : — 

a. Ghromates, when heated before the blowpipe with a borax 
bead, give evidence of chromium in the green tint produced; 
care must, however, be taken that other interfering bases are 
absent. 

p. When boiled for some time with hydrochloric acid, chromated 
are reduced, yielding the sesquichloride (Cr^Cl,), with evolution 
of chlorine. If sulphuric acid be employed instead, oxygen is 
set free. 

y. The passage of hydrosulphuric acid through the aqueous 
solution of a chromate also effects its reduction, — a chromic salt 
with separation of sulphur being the results : 

4KCrO,+5H,S=2Cr,H303+2B;S+2H,0+3S. 

chromic hydrate, ppt. 

green ppt 

Sulphurous anhydride (SOg) produces a similar effect, sulphuric 
and hyposulphuric acids being formed. Nascent hydrogen and 
many other reducing agents also give the same results. 

Numerous organic bodies are capable of rapidly reducing the 
chromates — such substances as alcohol, sugar, oxalic and tartaric 
acids. When warmed with alcohol and hydrochloric add, a 
chromate decomposes thus : — 
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4KCrO,+ 10HCl+3C,HeO=2Cr,Cl3 +4KC1+ 8H,0+3C^,0. 

alcohol. green aldehyde, 

chromic 
chloride. 

The hydrochloric acid acts partly as a solvent for the chromic 
hydrate, which we may suppose to be formed at first. 

^. Fused with carbonate of sodium many insoluble chromates 
yield the soluble chromate of sodium (see p. 112). 

The chromic radical is generally recognized by the formation of 
the insoluble silver and lead salts, and by the tests a. and /3. 

SALTS OF THE PERCHROMIC RADICAL, OR PERCHROHATES. 

The hydrogen compound of this radical is known, but only as dissolyed 
in ether : it is obtained by the action of a hydrochloric solution of peroxide 
of barium on bichromate of potassium ; the perchromic acid thus liberated 
is taken up by ether, which becomes of a beautiful blue colour. It is imme- 
diately decomposed by hydrate of potassium, but may be made to unite with 
ammonium and certain organic bases, forming comparatively stable salts, 
from which acids separate the blue perchromic acid, which then speedily de- 
composes into chromic acid and oxygen. 

Of compound acid-radicals containing iron and oxygen^ two are known, 
but they are of very slight importance. When carbonate of sodium and 
ferric oxide are stiongly ignited, a compound termed ferrite of sodium is said 
to be obtained in very small proportion. Similar salts are believed to be 
formed when a solution containing ferric chloride and the chloride of an 
alkaline earth is precipitated (under certain conditions) by a hydrate of the 
first subdivision. But the only definite acid-radical of iron and oxygen is 
that contained in the ferrates (MFcO^). The ferrate of potassium is obtained 
by igniting iron or ferric oxide with hydrate or nitrate of potassium, by the 
action of chlorine on ferric oxide suspended in hydrate of potassium solution, 
or by the electrolytic evolution of oxygen gas firom an iron plate immersed 
in a concentrated solution of hydrate of potassium. • By all these methods the 
potassium salt is obtained, sometimes in the crystalline form ; it dissolves in 
water, forming a red-violet solution, which is instantly decomposed and de- 
colourized by ammoniacal salts and the weakest reducing agents, and even 
by a heat of less than 100^ : the products of this decomposition are ferric 
oxide and oxygen. The hydrogen compound, or ferric add, cannot be ob- 
tained, as any attempt at its liberation results in its instant decomposition. 

Of the add-radicals containing manganese and oxygen, two are 
well known and easily produced. These are the manganic (MnO^) 
and permanganic (Mn^O^) radicals. They are both monobasic. 
The potassium salt of the former is obtained by igniting man- 
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ganese, or one of its oxides, with hydrate of potassium in contact 
with air, or with hydrate of potassium mixed with nitrate or 
chlorate of potassium. The manganates of the first and second 
subdivisions are known ; they are dark bluish green compounds, 
those of the alkaline metals dissolving in water to form green 
solutions. The hydrogen compound is not known. 

Permanganic acid (HMn^O^) is produced by the action of dilute 
bitric acid on the aqueous solution of a manganate. Its colour is 
a beautiful violet ; the solutions of the alkaline permanganates 
have the same tint. The permanganates, as far as known, are 
all soluble, no precipitates being formed with saline solutions ex- 
cept in cases where the latter act as reducing agents, and preci- 
pitate the peroidde of manganese (Mn^OJ. 

Of acid-radicals containing biwnuth and oxygen, one Only is known. When 
bismuthic oxide (Bi, O3) is fused with hydrate of potassium, or when it is 
suspended in a ooncentrated solution of hydrate of potassium through which 
a current of chlorine is passing, a double salt of bismuthate of potassium and 
bismuth is formed, which contains the radical BiOg. One or two salts are 
known, and the hydrogen compound (HBiOg). 

Of odd-radicals containing tin and oan/gen, two are known. Their hy- 
drogen compounds are stannic acid (H^Sn^Og) and. metastannic add 
(HaH^SuioOis). The acids themselves being very insoluble bodies, no 
characteristic reactions can be obtained from them, except such as, by de- 
Btroying the radical, prove the presence of it» metallic constituent. 

Of the acid-radicals containing the rare metals of the fourth subdivision 
combined with oaygen, none are of analytical importance. The higher oxides of 
platinum, rhodium, ruthenium, iridium, osmium, and gold have the property 
of uniting with the elements of water to form acid compounds, and with the 
oxides of some few basic radicals, as those of the first subdivision, to form 
salts. These salts, with the exception of the gold compounds, have not been 
thoroughly examined. The existence of a definite auric acid (HAuO,) is 
doubtful ; but the anhydride (Au^ O3) is known : the aurate of potassium too 
has been obtained, crystallized, in small needles of a yellow colour, and having 
the formula EAuOa-fSaq; a solution of this salt in water produces preci- 
pitates in many metallic solutions, proving that there are many insoluble 
aurates ; — ^insoluble, that is, in water, for they frequently dissolve in excess of 
of their predpitants to form double salts. It will be at once seen that these 
ooid-radicals correspond closely to those mentioned under Section III. of the 
first subdivision of the add-radicals (p. 276). 

Of the acid-radicals which contain tungsten cofnbined with oxjfgen^ one only 
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18 of anj analytioal importance, although another is known to exist in a few 
oompoundB. The tungsfcic radical (WO,) is a very powerful one, and forms 
stable salts termed tungstates, which impart to water a bitter metallic taste. 

SALTS OP THB TUKOSTIG RADICAL, OB TUNOSTATSS. 

These salts are not decomposed by heat alone, unless their basic constikient 
is Tolatile or compound, and when heated on charcoal sometimes yield the 
brown oxide, although they are reduced or decomposed in different ways 
according to the base present. The other blowpipe reactions of tungstic acid 
and tungstates will be found among the processes of decomposition employed 
for detecting the tungstic radical (see p. 236). 

Thb Hydrogen Salt (HWO,) does not appear to be known ; for when the 
acid is liberated by the action of other adds upon solutions of tungstates in 
the cold, the white precipitate which occurs, though thought by some to be 
the acid, rapidly becomes yellow when the solutions are heated, or when the 
precipitate is allowed to stand. This yellow body has the formula W^O,, 
and so bears the same relation to the acid (HWO,) as auric anhydride 
(Au^Og) does to auric add (HAUO2), ^' hypochlorous anhydride (Ol^O) to 
to the add (HCIO). Tungstic anhydride is lemon-yellow and crystalline. 
Recent researches haye shown that there are many modifications of tung- 
states, in which Tarying quantities of oxygen and tungsten are united to form 
add-radicals ; yet they will all group in a singular manner around the anhy- 
dride (W2O3), which may be produced by the decomposition of all. The 
union of the anhydride with normal tungstates gives, on the other hand, 
compound salts resembling the bichromates, &c. 

Tungstates may be recognized by the formation of some of the most cha- 
racteristic insoluble salts, but are more usually identified by processes of 
decomposition. 

The tungstates of the first subdiyision are soluble ; all the other salts, ex- 
cepting that of magnesium, are insoluble in water. 

The Barixun Salt is produced by the action of soluble barium salts on 
the neutral tungstate of potassium : it is a white predpitate. Its formula is 
BaWO^. It is insoluble in water and in phosphoric add, but is decomposed 
by stronger adds ; it is dissolved by a boiling solution of oxalic add. 

Thb Strontium and Calcium Salts are white predpitates, sparingly 
soluble in water. 

The Magnesium Salt is soluble. 

The Ferrous and many other Salts containing metals of the third and 
fourth Bubdividons are insoluble, or nearly so, in water. 

The Cupric Salt is obtained by the action of a soluble cupric salt on 
tungstate of sodium : it is a grass-green predpitate. Its formula is CuWO,. 
It is insoluble in water and oxalic add, soluble in acetic and phosphoric adds. 

The Silver Salt is a white insoluble powder, produced when a silver salt 
is added to a solution of bitungstate of sodium. Its formula is AggW^ O7. 

The MerCUroilB Salt i* produced by the action of a soluble mercurous 
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salt upon tongstate of potassinm : it is a jellow precipitate, so insolable in 
water as to be used for the qwmHtative estimation of tungsHe add. 

The Mbbcubic Salt is white if the meroury solution be in excess ; other- 
wise it is yellow, red, or brown. It is insoluble in water. 

The Lead Salt is a white precipitate, insoluble in cold water or cold 
nitric add, soluble in hydrate of potassium. 

Tungstatee are, howeyer, most readily recognized by the deoompositLon of 
their acid constituent ; the following tests may be employed : — 

a. Tungstic anhydride (WjOg) does not volatilize when heated on char- 
coal, but yields a brown oxide of tungsten ; before the blowpipe, with micro- 
oosmic salt, this body ([W2O3] which, as we haye seen, may be easily pro- 
duced from tungstates) gives in the reducing flame a fine blue colour^ which 
disappears in^the oxidizing flame ; if iron be present^ a blood-red colour will 
be produced. 

/3. Solutions of the tungstates containing the alkaline metals are precipi- 
tated by hydrochloric, nitric, acetic, sulphuric, and phosphoric adds ; and 
the predpitate is insoluble in all the above adds, excepting the last-named, 
which dissolves it readily. Oxalic, tartaric, and dtric adds do not separate 
the anhydride (WaO,). 

y. When the body, W^Og, is predpitated from a soluble tungstate by the 
addition of a mineral add, a small quantity of tungstic add remains in 
solution ; and if then a strip of zinc be introduced into the add solution, the 
liquid wiU be coloured blue from the formation of the blue oxide of tungsten. 

This radical is usually recognized by the formation of the insoluble ba- 
rium and merourous salts ; but more especially by the tests a. and 7. (See 
also p. 237.) 

SALTS OF THE HOLTBDIC RADICAL, OB HOLTBDATES. 

The radical MoO, bears considerable resemblance to the radical WO, : 
the soluble molybdates have a faint metallic taste ; several of the insoluble 
salts have a yellow colour. 

Heated alone, they are fixed, unless their base is volatile or decomposable ; 
on charcoal, before the blowpipe, several molybdates are partially reduced, 
particularly in the presence of carbonate of sodimn. 

The Hydrogen Salt (HMoO,) is not known ; when an attempt is made 
to liberate it by the action of adds on molybdates, the anhydride (Mo^O,) 
separates as a white curdy predpitate. This body unites with molybdates 
to form bimolybdates, &c., analogous to the bichromates, bitungstates, &o, 

Molybdates are recognized by the formation of certain insoluble salts, and 
also by several processes of decomposition. 

The molybdates of the first subdivision are soluble in water ; the others 
insoluble, or sparingly soluble. 

The Potassium and Sodium Salts are soluble. 

The BariTUU Salt is produced by the action of soluble barium salts on 
molybdate of potassium : it is a white predpitate, probably having the 
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formiila BaMoO,. It is insoluble in water, but soluble in dilute nitric or 
hydrochloric add. 

GDhe Strontium and Calcium Salts are white, insoluble in water. 

Ths Magnesium Salt is comparatiyelj soluble, particularly in hot water. 

Ths Ferrous and many other Salts of the third and fourth subdivisions 
are yellow or brown precipitates, insoluble in water, soluble in hydrochloric 
or nitric acid. 

The Cuprio Salt is yellowish green, insoluble~(or nearly so) in water, de- 
composed by acids and alkalies. 

The Silver Salt is greenish white, slightly soluble in water and in dilute 
nitric add. 

The Mercurous Salt is white, soluble in 500 or 600 parts of water, de- 
composed by nitric add. 

Tho Lead Salt is produced by predpitating plumbic nitrate with normal 
mdybdate of ammonium : it is a white insoluble predpitate. The native 
variety is the chief ore of molybdenum. 

Molybdates may also be detected by several processes of decomposition : — 

a. Molybdic anhydride, when heated in the reducing flame on platinum 
wire, imparts a yellowish green tinge to the light ; it also gives with micro- 
cosmic salt a fine green colour, and with borax a brown bead, when heated 
in the inner blowpipe flame. 

/3. When to a neutral concentrated solution of a soluble molybdote, a few 
drops of hydrochloric or nitric add are added, the anhydride (Mo^Og) sepa- 
rates ; it dissolves, however, on the addition of more add, or even upon dilu- 
tion with much water. Oxalic and phosphoric adds do not produce this e£B9ct. 

y. By immersing a strip of zinc in a hydrochloric solution of a molybdate, 
a blue colour is produced, firom separation of the blue oxide of molybdenum ; 
the colour gradually changes to green, and then becomes nearly black. 

S. By evaporating nearly to dryness a nitric solution of an alkaline phos- 
phate or of phosphoric add, and adding a drop of molybdate of ammo- 
nium, a yellow predpitate is obtained, which is insoluble in hot nitric add. 

e. A trace of hydrosulphuric add produces in solutions of molybdates 
a blue colouration ; larger quantities of the gas give a brown predpitate of 
molybdous sulphide (Mo, S,). 

Molybdenum is usually recognized, when existing as the molybdic radi- 
dical, by the predpitetion of the barium and lead salts, and by the tests /3. 
and d, (See also p. 241.) 

Of acid-radiccUs containing vanadvum and oxygen^ two are known ; of 
these the vanadio only is of any importance ; the vanaditee are derived from 
the binoxide (VaO,). 

salts of the vanadic radical, or yanadutbs. 

The add-radical YO, resembles the timgstic and molybdic radicals in 
many points : many of ito salts are yellow or orange ; they have no cha- 
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racteristio taste. Graerallj epeaking, they are comparatiyely soluble in 
water. 

A red heat prodooes no change in the vanadiatee, Tmlees the basic con- 
Btitoent is volatile or decomposable. Yanadic anhydride (Vs^s) heated 
on charcoal is partially reduced to a lower oxide, and partly to yanadium 
itself; Tanadiates of the heavy metals yield alloys of vanadiunL 

The Htdroosn Salt (MVOj) is unknown, the addition of an add to a 
soluble vanadiate precipitating the anhydride (Y^ O3) in an impure state, 
as a yellow substance, soluble in acids, yielding yellow solutions. From the 
anhydride, vanadiates and bivanadiates are prepared. 

This radical may be recognized both by the formation of insoluble salts 
and by certain processes of decomposition. 

Many vanadiates are soluble in water. 

Thb Potassium and Sodium Salts are soluble. 

The Ammonium Salt (NH^YOj) is remarkable for being quite in- 
soluble in a saturated solution of chloride of ammonium. 

The Barium Salt is produced by the action of a soluble barium salt on 
an aqueous solution of vanadiate of ammonium : it is a yellow gelatinous 
precipitate, which becomes white and dense after standing. Its formula is 
BaYO^. It is slightly soluble in water, and dissolves wil^ a red colour in 
suphuric add. 

Thb Strontium Salt is a white crystalline granular predpitate, more so- 
luble than the barium salt. 

The Calcium Salt is soluble, and the Magnesium Salt exceedingly so- 
luble in water. 

The Ferric, Nickel, and many Salts containing metals of the third and 
fourth subdivisions are yellow and soluble in water. 

The Cupric Salt is soluble. 

The Silver Salt is obtained by the action of nitrate of silver on vana- 
diate of ammonium, and is a pale yellow or white predpitate, soluble in 
nitric add and in hydrate of ammonium. 

The Mbrcurous, Mercuric, and Lead Salts are yellow and more or less 
soluble in water. 

The vanadic radical may also be recognised by processes of decompo- 
sition, &c. : — 

a. Yanadiates generally fuse when heated ; the anhydride (Y^ O3) does 
not volatilize. With borax or microcosmic salt, the anhydride gives a green 
glass in the reducing, and a yellow in the oxidizing flame. 

p, Yanadic anhydride dissolves in the stronger acids, forming yellow or red 
solutions, which often become colourless on ebullition, and yield red or yellow 
crystallized compounds or salts of vanadic add. The sulphate of vanadic 
add is said to have the formula Y^ (S04)3. 

7. Hydrosulphuric add predpitates a mixture of binoxide of vanadium 
and sulphur from an add solution of vanadic oxide. 

S. Ferrocyanide of potassium produces a beautiful green predpitate with 
soluble vanadiates. 
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e. Solutions of yanadiates with tincture of galls yield a blackish blue or 
black mixture. 
Yanadiates are usually detected by the tests )3, ^, and e. 

Of the acid-radicdls which contain metals and sulphur^ none are of suffi- 
cient importance to justify description here. .They generally form yellow, 
reddish brown, brown, or brownish black salts, which correspond closely to 
the analogous salts containing the same metals combined with chlorine or 
oxygen. They are generally formed by the solution of the metallic sulphide 
in sulphide of potassium, sodium, &c. The salts fwmed by these radicals are 
termed sulphostannates (M^Sn^Sg), sulphoplatinatee (Mj^Ft^Sg), sulphorho- 
diates (MBS^), sulphorutheniates (M^EujSg), sulphiridiates (M^Ir^Sg), 
sulphosmiates (MOsS^), sulphaurates (MAuS^), sulphotungstates (MWS2), 
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Analysis of SvMwisum II. 

The acid-radicals of more common occurrence only being in- 
cluded, the salt may be an OXIDE, SULPHIDE, SULPHITE, 
SULPHATE, CHEOMATE, or TUNGSTATE. 



The addition of strong sulphuric acid to the solid salt or its concentrated 
solution maj produce an effervescence ; if so, the eyidence sought will pro- 
bably be better obtained with a weaker acid, aided bj heat. 

A gas haying an odowr of rotten eggs (H^S) indicates a sulphide. 
„ „ „ burning sul^hwr (SO,) indicates a sulphite. 



Further Analysis, 
Acidify the solution with hydrochloric add, and warm for some time. 



A lemon-yellow 

precipitate of 

W2O3 would 

indicate the 

original 

presence of 

WOo. 



If no precipitate occurs, the solution may contain a 
chromate, sulphate, or oxide. Add a few curops of al- 
cohol, and boil for some minutes ; if the liquid changes 
firom a reddish yellow to an emerald-green colour, the 
previous existence of CrO, may be inferred. Add excess 
of ammonia. 



Agreen 
precipitate 
of Cr^KjOg 
would mcucate 
the original 
presence of 
OrO^. 



If no green colour or precipitate oc- 
curs, add a few drops of omoride of 
barium. 



A white 

precipitate 

of Ba^SO^ 

would indicate 

the presence of 

SO4. 



If no precipitate 
occurs, and the sub- 
stance under exa- 
mination is obviously 
not a basic radical, 
i. e, a metal, we infer 
the presence of O as 
the add-radical. 
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SUBDIVISION in. 

SALTS OF CARBON, BORON, SILICON, tantalum, niobium, 
PELOPiUM, AND TITANIUM, AND OF THE CHIEF COM- 
POUND ACID-RADICALS INTO THE COMPOSITION OF 
WHICH THEY ENTER. 

This group, with the exception of its four latter and rarer 
members, presents but little analogy with either of the preceding 
subdivisions. One distinctive feature is, that no member of this 
subdivision combines directly with hydrogen to form a compound 
of acid properties, although they combine with almost all metals 
to form salts. All these acid-radicals, however, form, by union 
with oxygen, compound acid-radicals, which yield extremely 
stable salts with hydrogen and metals. Another great peculiarity 
of this group is the property possessed by carbon of uniting with 
hydrogen and oxygen, with hydrogen, oxygen, and nitrogen, and 
with other basic radicals, such as with iron and nitrogen, to form 
acid-radicals, many of which combine with basic radicals to form 
salts of great stability : most of such compounds are generally 
termed '^ organic," from their frequent occurrence in the animal 
and vegetable kingdoms, or from being obtained among the products 
of their decomposition. Examples of such compounds are — 

suociiuo acid. urio acid. hydrocobalticyanio acid. 

Among these bodies many are monobasic, many bibasic, and some 
tribasic. 

Section I.— SAI/TS OF CARBON, BORON, SILICON, tantalum, nio- 
bium, PBLOPIUM, AND TITANIUM. 

The carbides, borides, silicides, tantalides, niobides, pelopides, 
and titanides. 

Section H.— SALTS OF THE ACED-RADICALS WHICH CONTAIN 
CARBON, BORON, SILICON, tantalum, niobium, pelopium, and 
T ITANIU M COMBINED WITH FLUORINE, OXYGEN, OR SUL- 
PHUR. 

The borofluorides, silicofluorides, carbonates, oxalates, borates, 

p2 
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silicates, tantalates, niobiates, pelopiates, titanates, and sulpho- 
carbonates. 

Section III.— SALTS OF THE ACID-RADICALS WHICH CONTAIN 
CARBON COMBINED WITH NITROGEN, WITH NITROGEN 
AND OXYGEN, WITH NITROGEN AND SULPHUR, WITH 
NITROGEN AND METALS, WITH OXYGEN AND HYDROGEN, 
AND WITH OXYGEN, HYDROGEN, AND NITROGEN. 

The cyanides, cyanates, and sulphocyanides ; the ferrocyanides, 
ferricyanides, and cobalticyanides ; the fonniates, acetates, ben- 
zoates, succinates, tartrates, lactates, citrates, gallates, tannates, 
and urates. 

Section I. — The carbides, horides, siliddes, tantalides, niobides, 

pelojpides, and titamdes, 

SALTS OF CARBON, BORON, SILICON, tantalum, niobium, pblopium, 

AND titanium. 

The radicals of this third subdivision, although they combine 
with metals, can scarcely be said to yield saline compounds, since 
it is with the greatest difOlculty that the bodies are made to unite 
in definite proportions, and then the products of the union par- 
take more of the character of alloys. It is probable that their 
combinations, especially those of carbon and silicon (or of phos- 
phorus), with the metal, exist dif^ised through the mass of metal, 
which presents, in different specimens, different properties. Thus 
the varieties of commercial iron known as cast-iron and steel are 
entirely due to the presence of a small difference in the propor- 
tion of carbon present, which, after all, never rises above 2 per 
cent. It is thought that the known carbide of iron (FCgC) exists 
diffdsed in the mass, which also contains carbon in the form of 
graphite. 

Silicon and phosphorus again are known to exert a very dele- 
terious influence upon the quality of iron and of other metals, 
even when they are present in very small proportion. Numerous 
compounds of carbon with hydrogen are known ; they are termed 
hydrocarbons. A compound of silicon with hydrogen has been 
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discovered recently ; but neither it nor the hydrocarbons possess 
acid properties or reactions. 

Section II. — The horofluorides, silicoflitorides, carbonates, oxa- 
lates, borates, silicates, tantalates, niobiates, pelopiates, tita- 
nates, and sulpTwcarbonates, 

SALTS OF THE COMPOUND ACID-RADICALS WHICH CONTAIN 
CAKBON, SOBON, SILICON, tantalum, niobium, pblopium, and 
TITANIUM COMBINED WITH FLUORINE, OXYGEN, OR SUL- 
PHUR. 

The acid-radicals of the present section are for the most part 
powerful ; they possess different degrees of basicity. Those most 
important to the student will be found to be the compounds the 
acids of which are termed hydrofluosiHcic, carbonic, oxalic, 
boradc, and silicic. With the reactions of the five acids just 
named, the analyst should early make himself acquainted. 

Of acid-radicals formed by the union of boron with fiuoHne, one only is 
known : it is the radical contained in the borofluoridee, and is produced when 
the gas known as terfluoride of boron (B0F3) ^^ ^ aqueous solution is mixed 
with a large quantity of water. The water effects a decomposition of the 
compound B0F3, boric anhydride (Bo^ Og) being precipitated, and the com- 
pound HB0F4 remaining in solution : this compound is hydrofluoboric acid ; 
and the decomposition which gives rise to its formation is as follows : — 

8B0F3 +3H2 0=Bo2 O3 +6HB0F4. 

hydrofliioboric 
add. 

The Htobogbn Salt (HBoF^) is not known in an isolated state, but only 
in aqueous solution. 
The fluoborides are all soluble in water, as far as has been ascertained. 
The radical must be recognized in its salts by processes of decomposition. 

SALTS OP SnJCOPLUOEINE, OE SILICOFLUOKIDES, 

This radical (that contained in the silicofluorides) is of much 
greater importance than the preceding one, but is prepared in 
precisely the same manner. The method for its preparation has 
been already given (p. 65). When the gaseous body terfluoride 
of silicon (SiP,) is passed into water, the hydrogen compound of 
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the radical in question is obtained in solution, gelatinous silicio 
acid (HSiO,) being precipitated : 

38iF,+2H,0=H8iO,+H, Si, F,. 

Heated on charcoal, sUicofluorides suffer various changes, ac- 
cording to the nature of the basic radical present. 

The Htdsooev Salt (H^Si^F,) is known only in aqueous 
solution. 

This radical may be recognized both by the formation of in- 
soluble salts and by processes of decomposition. 

The majority of the silicofluorides are soluble with greater or 
less fieunlity in water ; it is remarkable, however, that those of 
the first and second subdivisions of the basic radicals are the least 
soluble. 

The FoTASsniM Salt is produced by the action of a soluble 
potassium salt on hydrofluosilicic acid : it is a white gelatinous 
precipitate. Its formula is K, Si, F^. It is very slightly soluble 
in cold water, but dissolves somewhat more freely in hot. 

The Barium Salt is produced by the action of a soluble barium 
salt upon hydrofluosilicic acid : it is a gelatinous precipitate, but 
appears cryBtaUine under the microscope. It is precipitated more 
speedily on stirring the solution. 

Its formula is Ba, Si, F,. 

It is but slightly soluble in cold water, 1 part requiring 3802 
parts of pure water for its solution, and 733 parts of water aci- 
dulated with hydrochloric acid. In alcohol it is insoluble. 

The SxKOirrnjM and Calcium Salts are comparatively soluble. 

The Magnesium Salt is exceedingly soluble. 

The Feeeous, Feeeio, Cupeous, Aegentic, and mabt othee 
Salts containing metals of the third and fourth subdivisions are 
soluble in water. 

The Meecueous Salt ([Hgjj Si, Fg) is sparingly soluble. 

The Meecueic and Lead Salts are soluble. 

The salts of this acid-radical may be detected by the following 
processes of decomposition : — 

a. Hydrofluosilicic acid gradually decomposes when exposed to 
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the air in a glass vessel, teiflnoride of silioon being given off, and 
the hydrofluoric add thereby left attacking the glass and yielding 
another portion of the volatile terfluoride. In a glass bottle from 
which the air is always carefrdly exdnded, and the volatilization 
of any part of the gas SiP, thus prevented, no decomposition 
ensues. 

/3. Alkalies decompose hydrofluosilidc add, yielding fluorides 
and silicates. 

y. Strong sulphuric add liberates gaseous terfluoride of silicon 
from hydrofluosilidc add. From silicofluorides, adds separate a 
portion of silidc add, chiefly on ebullition. 

Of the add-radicah which contain carbon and oxtfgen, two 
merit the attention of the student — ^the carbonic and tiiie oxalic ; 
both are bibadc. The salts of the former radical are of very 
common occurrence in nature, forming (in addition to their general 
distribution through the earth's crust) extendve depodts, as the 
strata of limestones, of which they are practically the sole cour 
stituents. The salts of the latter radical, the oxalic, are of less 
frequent occurrence, although they also are found in nature, 
existing in several members of the vegetable kingdom ; neverthe- 
less they are important as standing on what may be termed the 
neutral ground between the organic and inorganic domains of 
chemistry. The oxalates are also interesting, since they exhibit 
the simpliflcation which complex organic molecules undergo in 
their gradual converdon into simpler forms. The oxalate is fre- 
quently the last stage of combination into which the carbon and 
oxygen of a complex body enter previously to their appearance 
as a carbonate, a salt which is very generally assumed to belong 
to inorganic nature. 

SALTS OF THE CASBOITIO BADICAL, OB CABBONATES. 

These salts are not very numerous ; for the radical is one of such 
weak combining power that it is only when in imion with the 
most powerful bade constituents (those of the first or second 
Bubdividons), or where the salt is insoluble, that stable com- 
pounds are formed by it. For this reason, and on account of the 
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jGEicility with which carbonates^ especially on the application of 
heat, divide into metallic oxides or hydrates and carbonic anhy- 
dride (COj), it is found that many of the precipitates which in 
double decompositions should be carbonates^ are in reality mixed 
carbonates and hydrates. Take, for example, the precipitate pro- 
duced by the action on carbonate of sodium of a zinc salt or any 
of the weaker bases, such as the triatomic molecules Al^, Cr^, 
FCjj, or Sb, some of which will not combine with this radical at 
all, or, if they do combine, yield salts which instantly or very 
rapidly decompose. AU these precipitates of mixed hydrate and 
carbonate, even those which are insoluble in water, dissolve in 
the aqueous solution of carbonic acid gas ; and from the solution 
of acid carbonate so formed, crystals of neutral carbonate are often 
deposited : this is the case with the zinc precipitate : 

Zn^COg, 3ZnHO+4HaC03=5ZnHC03-|-3H,0 ; 
mixed carbonate add carbonate, 

and hydrate. 

the acid carbonate of zinc thus formed decomposes in the fol- 
lowing way : — ^^ 

2ZnHC03=Zn,C03+H,0+C0,. 

crystalline 
precipitate. 

The alkaline carbonates, and those of barium and strontium, 
may be ftised on charcoal without decomposition ; all others are 
decomposed. 

The Htdeogen Salt, or carbonic acid (HJJCO3), is not known 
in the separate state. It is believed to be formed when the gas 
CO2 is passed into water ; and the occurrence of acid carbonates 
leaves little doubt of the existence of the acid, although, firom its 
extreme instability and tendency to be resolved into water and 
carbonic anhydride, attempts to isolate it have not been successM. 
The gaseous anhydride has been condensed to a liquid, and even 
to a solid. The following formulae represent the composition of 
carbonic acid and of the two varieties of carbonates : — 

H^COg, MHCO3, M^CO,. 

carbonic acid. acid carbonate. neutral (or normal) 

carbonate. 
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The carbonic radical may be recognized both by the formation 
of insoluble carbonates, and by a process of decomposition. 

The carbonates that have been obtained are almost all in- 
soluble, the salts of potassium, sodium, and ammonium being the 
only exceptions. 

The Potassixtm, SoDruM, and Ammonium Salts are soluble. 

The Barium Salt is a white precipitate. 

Its formula is Ba^COg. 

It is soluble in 141,000 parts of a solution of ammonia, or car- 
bonate of ammonium ; in 14,130 parts of pure water at 16° to 20°, 
or in 15,421 parts of boiling water. It is soluble in carbonic and 
other acids. 

The Steontitjm Salt is a white precipitate, soluble in 18,045 
parts of cold water, and readily dissolved by most acids. (See 
p. 88.) 

The Calctum Salt is a white precipitate, soluble in 10,600 
parts of cold water, and readily dissolved by most acids. (See 
p. 91.) 

. The Maghtesium Salt is a white precipitate, which requires 
2493 parts of cold water for its solution, and is readily dissolved 
by nearly all acids. (See p. 94.) 

The Febeofs and many othee Salts of the third subdivision, 
if e2dsting at all, decompose soon after formation as already de- 
scribed, or when exposed to the air or to a slight increase of 
temperature. 

The Ctjpbic Salt is produced by the action of cupric sulphate 
upon soluble carbonates : it is a bluish green precipitate. Its 
formula is Cu3C03,2CuH0. It dissolves in ammonium salts and 
in acids, but is insoluble in water. 

The Silvee Salt is produced by the action of nitrate of silver 
on soluble carbonates : it is a white precipitate. Its formula is 
AggCOg. It is soluble in ammonium salts and in acids, but in- 
soluble in water. 

The Meectjeotjs Salt is produced by the action of mercurous 
nitrate on a solution of a carbonate : it is a yellow precipitate. Its 
formula is (B^g^\COy 

p6 
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The Mebcxtric Salt is brownish red. Its formula is Hg^CO,, 
Hg^O. It is slightly soluble in carbonate of potassiiuny soluble 
in chloride of ammonium and in adds ; in water it is insoluble. 

The Lead Salt is white. Its formula is Pb2C03,2PbH0. It 
is soluble in 23,450 parts of water containing acetate, hydrate, or 
carbonate of ammonium, more soluble in water containing nitrate 
of ammonium ; it is readily soluble in many acids. 1 part dissolves 
in 50,551 parts of pure water at the ordinary temperature. 

This acid-radical may be readily recognized by the products of 
its decomposition. 

a. Almost aay acid, however weak or dilute, when added to a 
soluble or insoluble carbonate, causes its decomposition ; and the 
resulting carbonic acid, by its resolution into water and the 
gaseous anhydride CO^, gives rise to the phaenomenon of effer- 
vescence. Effervescence is caused by the escape of several other 
gases, such as hydrosulphuric acid or sulphurous anhydride, when 
certain sulphides or sulphites are similarly treated : but a pecu- 
liarity attends the formation of carbonic anhydride from carbo- 
nates ; for all these salts, whether insoluble or not, and wTiatever 
basic radicals they may contain, are decomposed by acids, even 
the weakest, with evolution of the gas COj,. Now, although with 
the sulphides and cyanides of the first and second subdivisions, 
and with some few others, a somewhat similar evolution of gas 
takes place, yet it does not occur with aU, and in many cases re- 
quires the employment of certain powerful acids. Chlorides too, 
especially alkaline chlorides, effervesce, evolving hydrochloric add 
(HCl) when treated with concentrated sulphuric acid; but weak 
sulphuric acid has no action upon dilorides unless heat also be 
applied. 

/3. The carbonic anhydride (CO^), usually called carbonic add 
gas, which is obtained in the reaction of acids upon carbonates, 
may be recognized by its peculiar smell, but especially by its 
immediately forming a white precipitate of carbonate of barium 
when passed into baryta- water — a precipitate which, by the con- 
tinued passage of the gas, redissolves from formation of the 
soluble acid carbonate (BaHCO,). The experiment may best be 




made in the following maimer : — ^Two small teBt-tabes are taken, 
fitted with perforated corke and tubes, as in pj^ jg 

the annexed figure. Into the test-tabe A, the 
suspected carbonate is te be placed, with only 
just snffltdent water to cover the end of the 
tube at a. Sulphuric add is then to be poured 
in at b, and the gas which issaes &om the tube 
e will then precipitate, from the baryta-water 
placed in the tabe £, the white carbonate of 
bariom. To asdst in &e detection of the gas 
where a small quantity only of material is pre- 
sent, the gas evolved may be drawn into the 
baryta-water by applying the mouth to the tube d, and so re- 
moving the original (ur from the test-tube B. 

BAi.Ta OF THE oxAua n&nicAi., os oxAi^rGS. 
The oxalates are very numerous, including salts of almost 
every banc radical, elementary or compound. Under ordinary 
conditions, oxalic acid and oxalates are very stable bo^ea. This 
radical forms an immense number of double salts, and many acid 
salts. The following formuhe represent some of these com- 
pounds ; — 

H, C, MHC 0. M,C,0, MH, CO,. 

oxaiia acid. add co&late. normal (or neiitraJ) quadroi^ale. 
oialato. 

Oxalates, when submitted to a slightly elevated tempeiatnre, 
decompose, leaving a carbonate of the metal and evolving car- 
bonic oxide (CO), or leaving a reradne of oxido and evolving both 
carbonic oxide and carbonic anhydride, thus : — 

Ca,C,0^=Ca,CO,-HCO; or Zn,C,0.=Zn,0-|-CO+CO,. 
This difference in the products depends upon whether the car- 
bonate of a base can withstand the temperature at which the 
oxalate docompoees. The oxalates of potassium, sodium, and 
calcium are found in the juices of various plants ; and the hy- 
drogen compound of this radical is also a very common product of 
the action of oxidizing bodies iqton complex molecules. 
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The Hydeogen Salt (HjC^O^, or HjjO), or oxalic acid, is a 
white crystalline solid, which sublimes between 100° and 162° 
without decomposition, and condenses in slender colourless nee- 
dles : it is poisonous, and its vapour when breathed has a most 
irritating effect. 

The oxalic radical may be detected both by certain insoluble 
salts, and by its decomposition. 

Many oxalates are insoluble in water — in feet, the majority of 
the neutral salts : many of the acid salts are more soluble ; but it 
is singular to find that, among the oxalates of the first subdivi- 
sion, the acid salt is generally less soluble than the neutral one. 

The Potassium and Sodium Salts are comparatively soluble in 
water, although the latter (NagCaO^) requires as much as 36*4 
parts of cold, or 24*6 of boiling water for its solution. 

The Bamum Salt is precipitated by adding chloride of barium 
to solutions of oxalic acid or oxalates : if the add be employed, 
crystals of the acid oxalate speedily separate ; if a soluble oxa- 
late, an immediate dense white precipitate of neutral oxalate will 
fall. The complete formula of the former salt is BaHCaO^-f-2aq ; 
of the latter, BaaC^O^-l-aq. They are both sparingly soluble in 
cold water ; the acid salt dissolves more readily in hot water ; they 
both dissolve also in chloride of ammonium solution. (See p. 85.) 

The Strontium Salt is produced by the action of nitrate of 
strontium on oxalic acid or soluble oxalates. Its formula is 
SraCjO^. It is sparingly soluble in cold water, but only requires 
19*2 parts of boiling water for solution. (See p. 88.) 

The Calcium Salt is produced by the action of soluble calcium 
salts on oxaHc acid or oxalates: it is a white granular pre- 
cipitate. 

Its formula is CajCaO^-f-aq. 

It is insoluble in chloride of ammonium and in water ; it is 
also insoluble in acetic acid, but dissolves in the stronger acids 
readily. 

The Magnesium Salt is soluble. 

The Febeous and some othee Salts of the third and fourth 
subdivisions are soluble ; but the majority axe sparingly soluble. 
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The Cupsors Salt is white ; it is soluble in hydrate of am- 
monium. 

The Cupbic Salt is a greenish blue precipitate. Its formula 
is CUjCaO^-f-aq* It is soluble in neutral alkaline oxalates, and 
in hydrate, carbonate, and succinate of ammonium, but not in 
other ammonium salts. It is insoluble in water, in oxalic acid, 
and in warm dilute nitric acid. It dissolves in warm concen- 
trated hydrochloric acid. 

The Silvee Salt (Ag^CaO^) is a white precipitate. It dis- 
solves in hydrate and carbonate of ammonium, and in warm so- 
lutions of other ammonium salts. It is scarcely soluble in water, 
but dissolves in nitric acid. 

The Meectjkous Salt is precipitated by the action of mercu- 
rous nitrate on oxalic acid or soluble oxalates: it is a white 
precipitate. Its formula is (HgJjCaO^+aq. It is but slightly 
soluble in water or in dilute acids. 

The Mercukic Salt is a white precipitate. Its formula is 
HgjCjO^-f-aq. It is soluble in solutions of chloride and nitrate 
of ammonium, insoluble in water and dilute acids, somewhat 
soluble in sulphuric acid, and dissolved easily by other strong 
acids. 

The Lead Salt is a white precipitate. Its formula is PbaC^O^ 
(dried at 140^). It is soluble in most ammonium salts, the 
hydrate and carbonate excepted ; it is insoluble in water and in 
acetic acid, but soluble in nitric acid; it is somewhat soluble 
in oxalic acid. 

The oxalates may be detected by the decomposition of their 
acid-radical. 

a. When to an oxalate some strong sulphuric acid is added, 
and the mixture warmed, the oxalic add thus liberated undergoes 
instant decomposition, partly from the tendency of sulphuric 
acid to form a hydrate : 

h:,c,o,+h,so,=h,so„ h,o+co+co,. 

Considerable effervescence ensues from the escape of the carbonic 
anhydride and carbonic oxide gases ; and the latter gas will be 
found to bum with a blue flame. This action of sulphuric acid, 
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wWMut any blackening of the substance under examination, 
points decisively to the presence of oxalic acid ; for though the 
salts of some of the more complex acid-radicals yield carbonic 
oxide also, they blacken simultaneously, the ferrocyanides ex- 
cepted. 

/3. If, instead of sulphuric add alone, a mixture of binoxide of 
manganese (Mn^O^) and sulphuric acid be made to act upon 
oxalic acid, the sole gaseous product of the reaction is carbonic 
anhydride (CO^). 

SALTS OF THE BOSACIC BADICAL, OB BOBATES. 

These salts are by no means of such frequent distribution in 
nature as the carbonates ; they occur in some few minerals, and 
in greater abundance in the hot lakes or boracic lagoons of 
Tuscany, into the waters of which the vapours are conveyed 
which rise from the volcanic bottom. These vapours, which are 
charged with boracic anhydride (Bo^Og), yield it to the water, 
with which it combines to form boracic acid. It is generally 
met with in commerce combined as borax, the biborate of 
soditmi. 

Most borates may be heated on charcoal without decomposi- 
tion. The use of borax as a blowpipe reagent is well known. 

The Hydbogen Salt crystallizes from a hot aqueous solu- 
tion ; but if these crystals be heated, they evolve water, and yield 
a frised glassy substance, which is the so-called anhydrous acid 
(BOjjOj). This body bears the same relation to boracic acid 
as chromic anhydride does to chromic add. When dissolved 
to saturation in hot water, it separates on cooling, in the form 
of hexagonal laminae having a pearly lustre and the formula 
HBoOj-l-aq* It may be considered as the representative of what 
are called the monoborates, which have the formula MBoO^-f-naq. 
If these crystals be heated to a temperature considerably above 
100°, they part with the elements of water, and another hydro- 
gen compound is obtained (H^ Bo^OJ, which, when written with- 
out its 2 eqs. of accidental water, becomes H^ Bo^ 0^, and may then, 
be considered as the type of the biborates. The biborates may 
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also be viewed (like the bichromates) as combinations of the an- 
hydride (BOjjOg) with the monoborates ; thus we have the following 
equation when we disregard water of crystallization : — 

2HBoO,+ Bo, 03=:H, Bo,0,. 
The rationale of the process whereby the biborates are pro- 
duced may be as follows : — ^we may suppose that, under the in- 
fluence of heat, 1 molecule of the anhydride (Bo^O,) is formed 
from 2 equivalents of boracic acid, thus : — 

2(HBoO„ H,0)=Bo,03+3H,0 ; 

the body, BOjjOg, thus formed, then unites with 2 equivalents of 
undecomposed acid to form the biborate of hydrogen. Or we 
may merely express the change as follows : — 

4(HBoO,, H,0)=:H,Bo^O„ 2a,0+3H,0. 

Borates, then, may be of at least two classes, borates and bibo- 
rates. The latter salts are much more stable than the former — 
so much so, indeed, that even the potassium salt of the former 
series, by mere exposure to the air, absorbs carbonic anhydride, 
and becomes converted into the carbonate and biborate, thus — 

4KBoO,+CO,=K,C03+K,Bo^O^. 
Nor are these the only classes of borates. Just as boracic an- 
hydride combines with borates to form biborates, so additional 
proportions of this body yield salts which have been called ter-, 
quadri-, and sex-borates. The formulae of the sodium (or potas- 
sium) salts of these compounds are — 

Borate Na Bo O,. 

Biborate Na,Bo^ 0^ =2NaBoOa+ B0j,03. 

Terborate K, Bo^ 0^^=:^2KBoO^ +2Bo,03. 

Quadriborate Na^BOg 0„=2NaBoOa+3Bo,0,. 

Sexborate Naj,BOiaOi9=2NaBoOa + SBo^O,. 

The borates, biborates, and sexborates are pretty well known ; 
but not so the others. 

The boracic radical may be recognized both by the formation 
of sparingly soluble salts, and by processes of decomposition. 

The normal borates are more soluble in water than the others. 
Of the biborates, which are the most common boradc salts, 
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almost all, excepting those of the first subdivision, are insoluble 
in water. 

The Potassium Salt (K^ Bo^O^+Saq) is soluble. 
The Sodium Salt (Na^Bo^O^+lOaq), or borax, is soluble. 
The Babium Salt is produced by the action of soluble barium 
salts on a solution of borax. It is a white precipitate. Its 
formula is Ba2Bo^OY+2aq. It is soluble in excess of chloride 
of barium, also in ammonium salts ; it dissolves in 100 parts of 
cold water, and in a smaller quantity of boiling water ; it is so- 
luble in acids. Before the blowpipe it fuses to a grey glass. 

The Stbontium Salt is produced by the action of a soluble 
strontium salt on a solution of borax : it is a white precipitate. 
It dissolves readily in cold solutions of chloride or nitrate of 
ammonium ; 1 part is soluble in 130 parts of boiling water. 

The Calcium Salt is produced by the action of a soluble cal- 
cium salt on a solution of borax. Its formula is CajBo^O^-f aq 
after having been air-dried. It is scarcely soluble in water, but 
dissolves in acids. Before the blowpipe it fiises to a glass. 

The Feeeous, Feeeic, and MAmr othee Salts of the third and 
fourth subdivisions are yellowish or white precipitates, insoluble 
in water. 

The Cupeic Salt is a pale green precipitate, slightly soluble 
in water, and dissolved easily by a solution of boracic acid. 
Before the blowpipe it fuses to a green opaque glass. 

The Silvee Salt is white : its formula, under all circum- 
stances, is AgBoOg. It is sparingly soluble in water. 

The Meecueous and Meecueic Salts do not appear to exist ; 
the biborates precipitate basic mercury compounds. 

The Lead Salt is obtained by the action of soluble lead salts 
on a solution of borax : it is a white precipitate. Its formula is 
Pbj Bo^O^. It is insoluble in excess of its precipitant, but slightly 
soluble in pure water. 
This acid-radical is also detected by the following experiments. 
a. When sulphuric acid is added to the aqueous solution of a 
borate, boracic acid separates in characteristic crystalline scales 
(HBoOj+aq). If the boracic acid be then dissolved in alcohol. 
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and the solution kindled, the flame produced will have a dark 
green edge, best seen against a black background. In this ex- 
periment, the presence of chlorides and of copper salts should be 
avoided. 

/S. The most characteristic reaction of boradc acid is the 
action of its aqueous solution on turmeric paper. All other acids 
exert no influence upon ordinary yellow turmeric paper, or, if it 
has been browned by an alkali, they simply restore its original 
colour; but boracic acid behaves like an alkali, turning the 
yellow of the paper to a reddish brown. The suspected borate 
is mixed with hydrochloric acid, and into the mixture a small 
piece of turmeric paper is placed. The test is applied in a white 
porcelain dish. 

y. Sulphuretted hydrogen and ferrocyanide of potassium pro- 
duce no characteristic actions upon boracic acid or soluble borates. 

SALTS OF THE SILICIC BADICAL, OB SILICATES. 

These salts are of universal distribution in nature : they form 
a very large proportion of the rocks constituting the earth's crust, 
and enter into the composition of many minerals. 

Heated before the blowpipe, most silicates fiise to a colourless 
or coloured gldss. 

The Htdsogen Salt (HSiO^), or silicic acid, is not very well 
known; it is believed that the body termed gelatinous silica 
has, when air-dried, this formula, but when dried at 10(P the 
formula H^Si^O^, Le, 2HSi03-f-Sia03: at a higher temperature 
it is resolved into water and silicic anhydride (SigO,). This 
body (Si^Og), which bears the same relation to silicic acid 
(HSiOj) as boracic anhydride (BOgOg) bears to boracic add 
(HB0O2), is of very common occurrence, and is familiar to every 
one under the forms of quartz, amethyst, siliceous sand, flint, 
and chalcedony. Silicates are as various in their constitution as 
they are great in number ; but, as we have seen in the tung- 
states, chromates, and especially in the borates, a number of 
add-radicals may be built up by the assimilation of successive 
additions of the body which has been termed the anhydride. 
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into which and water all these complex acids are capable of 
splitting. 

Silicates are best recognized, not by the formation of insoluble 
salts, but by certain characteristic products of decomposition 
which they yield. 

Silicates are very generally insoluble in water, the neutral and 
basic silicates of the first subdivision being almost the only ex- 
ceptions. 

The Potassium Salts KSiO^, Kj^Si^O^, and K^SiaOu are solu- 
ble in water ; the salts K, SiigO^^, K,, Sigg 0„ 4- 9aq, and K, Si^O^, 
4" 16aq are insoluble. 

The Sodium Salts NaSiO,+3aq, NaaSi^Ojo, and Na^SigO,, 
4- 12aq are soluble in water ; those containing a larger addition 
of silicic anhydride are insoluble. 

The Baeium, Calcium, and Magnesium Salts are white. They 
are insoluble in water, but soluble in adds. 

The Febbous and otheb Salts of the third and fourth sub- 
divisions are insoluble in water. 

The Cupbio Salt is green ; the Silteb and Mebcubous Salts 
white. 

The Mebcubic Salt is tolerably soluble : it occurs in small 
dark crystals. 

The Lead Salt is precipitated from silicofluoride of lead by 
hydrate of ammonium: it is a white precipitate, insoluble in 
water. 

This acid-radical is invariably recognized by the decomposition 
and behaviour of its salts. 

a. Many silicates, insoluble in water, are readily dissolved by 
acids ; others, again, are insoluble both in water and in all acids, 
the hydrofluoric excepted. The latter class of silicates may be 
converted into compounds quite soluble in adds and even in 
water, by the following process : — ^The insoluble silicate is mixed 
with four times its weight of hydrate or carbonate of potassium, 
or of the mixed carbonates of sodium and potassium, and the mix- 
ture fased for 15 minutes ; the mass should remain quite liquid 
for 10 minutes ; this fusion of course yields the alkaline silicate 
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by ordinary double decompositioii. By the preceding process, a 
mass will be obtained which, in most cases, wiU dissolve slowly 
in water, or at least the alkali and alkaline siHcate will dis- 
solve, leaving a residue of metalHc carbonate or oxide. In acids 
the fused mass will dissolve readily ; and then, if to the solution 
we proceed to add excess of acid (e. g, hydrochloric add), a pre- 
cipitate of silicic add will be formed, which, on the addition of a 
further portion of acid, again dissolves. If now the dear so- 
lution be evaporated to perfect dryness on a water-bath (at 
100^), then moistened with water, and again evaporated to en- 
sure the expulsion of all free acid and moisture, the decompo- 
sition of the silicic acid into water and silidc anhydride will have 
taken place, and the resulting white powder wiU be found per- 
fectly insoluble in water and in all acids except hydrofluoric. 
So perfect is this decomposition, that the most minute trace of 
silicic acid may be thus detected, and it is employed in the 
quantitative estimation of this substance. 

/3. An experiment already given on page 66, and also described 
as one of the tests for the presence of fluorine, serves for the 
detection of silicon. A small tube of lead closed at one end, 
perfectly dry, and fitted with a dry cork and leaden delivery- 
tube, is employed ; and into this vessel a mixture of equal wdghts 
of the substance to be tested for silicon and of fluoride of caldum 
is introduced, together with about twice the bulk of oil of vitrioL 
The deHvery-tube should then be dipped under the surface of a 
small quantity of water contained in a cup of lead, and heat 
applied to the mixture : if silicon be present, the gaseous ter- 
fluoride of silicon (SiFj) wiU be disengaged, which, coming in 
contact with water, will yield a gelatinous predpitate of silicic 
acid, and the solution wiU contain hydrofluosilicic add, recog- 
nizable by the usual tests. 

y. When gelatinous silidc add is dried, it yields, as has been 
stated, the anhydride (Sij^Og), a fine white scaly powder of ex- 
treme lightness. If now a bead of carbonate of sodium be made 
on a platinum wire, and, when it is red-hot, siHdc anhydride be 
added nttle by little, fusing the bead between each addition of 
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substance, a period will arrive at which the bead no longer pre- 
sents the opacity of fused carbonate of sodium when cold, but 
remains perfectly pellucid. 

^. If a bead of microcosmic salt be made, and some silica 
(SijOg) fused with it, the anhydride will remain undissolved, and 
float about the bead as a network or skeleton. 

e. Hydrosulphuric acid and ferrocyanide of potassium give no 
characteristic reactions with silicic acid. 

This radical is usually detected by the tests a, /3, and y. 

Of compound acid-radicals containing tantalum and oxygen^ two are 
known : they occur in a mineral termed " Tantalite,'* one variety of which 
consists of ferrous tantalzY^, Fe^Ta^Og; other varieties are composed of 
ferrous tantala^^, FeTaO^. 

SALTS OF THB TANTALIC RADICAL, OR TANTALATES. 

Tantalic acid, and many tantalates, when heated, yield tantalic anhydride 
(Ta^Og). 

The Hydrogen Salt (HTaO,), or tantalic add, is known: it is ob- 
tained as a snow-white bulky precipitate, quite insoluble in water, and, 
when washed, but slightly soluble in many acids, except sulphuric add, from 
its solution in which, water reprecipitates it, and hydrochloric add, which 
dissolves it somewhat more abundantly. It dissolves readily in the hydrate 
or the add oxalate of potassium, in boiling solutions of alkaline carbonates, 
and in hydrofluoric add. The formula of the predpitate is HTaO^-haq. 

The tantalic radical is detected by the formation of insoluble salts, but 
especially by processes of decomposition. 

The alkaline tantalates are soluble in water, but are precipitated by or- 
dinary salts of ammonium. The sodium salt is also predpitated by tiiie 
addition of excess of hydrate or carbonate of sodium, — a behariour whereby 
tantalic add is distinguished from all other adds (except niobic and pelopic), 
particularly from tungstic add, to which, in many points, it bears a great 
resemblance. 

The Potassium Salt is soluble in pure water, nearly insoluble in cold 
carbonate of potassium solution. 

The Sodium Salt is sparingly soluble in cold water ; when the solution 
is boiled, it deposits a bitantalate. 

The Barium and Calcium Salts are white and insoluble. The Calcium, 
Magnesium, and Copper Salts are unknown. 

The Silver Salt is white and insoluble. 

The Mercury and Lead Salts are unknown. 

This add-radical is detected by the following tests : — 

a. From soluble tantalates, hydrochloric add predpitates tantalic add 
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(HTaOg), which, on addition of excess of the precipitant, is redissolved, but 
again separates on the addition of suiphuric acid and subsequent ebullition, a 
compound of that acid with tantalic add being produced. 

p. If into the sulphuric acid precipitate (just mentioned) still remaining 
in the slightly add liquid a strip of zinc be plunged, as it dissolves, a fine 
blue colour will be imparted to the liquid ; this tint will, however, change to 
a brown, and, finally, brown flakes will separate, which, after some time, will 
become oxidized, and converted into tantalic acid. 

y. Predpitated tantalic add is insoluble after ignition, in all adds, and 
must, like ignited silica (SijOg), be fused with hydrate or carbonate of 
sodium. 

d. Hydrosulphuric add does not predpitate an add solution of tantalic acid. 

6. In a slightly addified solution of tantalic add, ferrocyanide of potassium 
produces a yellow predpitate, and ferricyanide a white. 

Of compound acid-radicals containing niobium and oxygen^ one is known, 
the radical of niobic add. Of its salts, the niobiates, almost all that has been 
said regarding the tantalates equally well appHes. The add is, however, more 
completely separated from its salts than tantalic add is from tantalates, on 
the addition of sulphuric add, not requiring the aid of heat. 

Of compound acid-radicals containing pelopium and oxygen^ one is known, 
that existing in pelopic add. Its salts bear the closest resemblance to the 
tantalates and niobiates. 

SALTS OF THE TITANIC RADICAL, OR TITANATES. 

Two combinations of titanium with oxygen are known ; the lower oxide 
has not, however, been observed to manifest any tendency to pass into an 
add-radical. The titanic radical occurs in numerous minerals. In Titanite 
it occurs as titanate of caldum (OajTi^Og) associated with silicate of caldum, 
while it is most frequently found in the varieties of titaniferous iron, one of 
which, nmenite, is the ferrous titanate (Fe^Ti^O,). 

Titanic add when heated before the blowpipe yields tiiie infusible titanic 
oxide Ti^O^* The titanates are not generally decomposed by fusion, but, on 
the contrary, many salts of this radical are prepared by frising titanic oxide 
with metallic carbonates. 

The Hydrogen Salt is prepared just as the analogous compound of 
silicon, by the gradual addition of an add. It is a white, flocoulent, and 
bulky predpitate, and consists (when dried in vacuo over sulphuric add) of 
the pure substance HaTijOg. The add thus obtained, if washed with cold, 
not with hot water, dissolves readily in adds, but not in the hydrates of the 
first subdivision, and only to a trifling extent in alkaline carbonates. When 
the acid solution of titanic acid is diluted with much water and boiled, a 
predpitate occurs, probably of the body (Ti^O^) already mentioned as obtained 
by the ignition of the add. It is a white predpitate, becoming yellow on 
heating. It is quite insoluble in water, and in all adds except hydrofluoric 
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and boiling snlpliiirio adds. It oooon natorally in the minerals Batile and 
Anataae. 

Th6 titanates are, for the most part, insoluble in water. The monotitanateB 
of the first subdiyision are deoompoBed by water into a basic salt, which dis- 
solyes, and an acid salt, which is precipitated. The barium, calcium, sihrer, 
mercury, and lead salts are unknown. 

This add-radical is recognised by the following processes of decom- 
position: — 

a. When the hydrochloric solution of titanic add is diluted and boiled, 
the oxide or anhydride (Ti^O,) separates as a white powder. 

p. The oxide Ti^O^ requires fusion with carbonate of sodium to render it 
soluble. 

y. If into the hydrochloric solution of titanic add a strip of zinc be intro- 
duced, a blue solution will be obtained ; and from this a reddish or yiolet 
predpitate will separate, which gradually oxidizes into the white titanic add. 

8, Titanic anhydride (Ti^O,), when fiised with microcosmic salt in the re- 
ducing flame, gives a Tiolet-blue bead on cooling : the colour is rendered 
more evident after the addition of tin. If iron be present, a yellow or blood- 
red bead will be produced in the reducing flame. 

e. Hydrosulphuric add does not predpitate an add solution of titanic add. 

^. Ferrocyanide of potasdum gives a dense orange brown predpitate in a 
solution of titanic add in weak hydrodiloric add. The predpitate is soluble 
in excess of the predpitant. 

SALTS OF THB SULPHOCABBONIO RADICAL, OB 8ULPH0CABB0NATES. 

These salts are usually of a yellow, red, or brown colour ; many of them 
decompose with rapidity into sulphides. They dosdy resemble the car- 
bonates in constitution, the oxygen of those salts being replaced by sulphur, 

thus — 

K« Cj O3, Kj Cj S3, 

caroonate of sulphocarbonate of 
potaadum. potaaaium. 

On a slight increase of temperature, the sulphocarbonates decompose into 
bisulphide of carbon (CS^) and metallic sulphides. 

The Hydrogen Salt (HjO^Ss) or sulphocarbonic add, is a reddish 
brown, transparent, oily Uquid, denser than water ; it has a very peculiar 
odour, and is prone to decompose into hydrosulphuric add and die body 
CSj, which is the sulphocarbonic anhydride, and bears to sulphocarbonic 
add the same relation that carbonic anhydride (CO,) bears to carbonic add 
.(H.CO,). 

The sulphocarbonates may be recognized by certain insoluble compounds, 
and also by their products of decomposition. 

The soluble sulphocarbonates have a saline and somewhat sulphureous 
taste ; those of the first and second subdivisions are soluble in water, as are 
also some members of the third subdivision. 
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Thb Potassixtm, Sodium, Babium, Stboittiijic, Calcium, and Magnssium 
Salts are soluble. 

Thib Cupbic Salt is red-brown when precipitated from sulphocarbonio 
add, dark brown when from sulphocarbonate of calcium (Ca^CSg); it is 
soluble in excess of its predpitants ; it becomes black on drying. 

Thb Silybb Salt is produced by the action of sulphocarbonate of calcium 
on silver salts : it is a dark brown precipitate, which becomes black on dry- 
ing. It is soluble in excess of its precipitant. 

The Mercuric Salt is yellow when precipitated by sulphocarbonate of 
ammonium ([NH^jjCSg), black when the calcium salt is employed. The 
yellow salt passes from yellow to orange red and black, with evolution of 
bisulphide of carbon. 

The Lead Salt is dark brown when predpitated by sulphocarbonate of 
caldum, but red when sulphocarbonic add or the ammonium salt is em- 
ployed ; it rapidly becomes black from separation of sulphide of lead (Fb^S). 

The sulphocarbonic radical may be readily distinguished by the following 
tests: — 

a. When to the solution of a sulphocarbonate a strong add is added, the 
sulphocarbonic add liberated is at once decomposed into hydroeulphuric 
add and tiiie oily body, bisulphide of carbon (OS,), botiii products being 
easily identified not only by their reactions but by their unmistakeable and 
unpleasant odour : 

Hj CSg = Hj S -h CSj. 

j3. If the aqueous solution of a sulphocarbonate be evaporated two or three 
times with excess of sulphide of ammonium, and the resulting mass dissolved 
in water, filtered, and the solution then tested with ferric chloride (Fe^ CI3), 
the magnificent blood-red colour of sulphocyanide of iron will be produced. 

This radical is perhaps best recognized by the formation, &c. of the mer- 
curic and lead salts, and by the tests a. and j3. 

Sectioit m.^—TTie cyanides, eyanates, and svlphocyanides ; the 
ferrocyanideSy ferricyanideSy and cohaUicyanides ; the for- 
miates, acetateSy henzoatesy sucdnates, tartrateSy lactatesy ci- 
trates, gallates, tannates, and urates, 

SAI/rS OF THE COMPOUND ACID-RADICALS WHICH CONTAIN 
CARBON AND NITROGEN ; CARBON, NITROGEN, AND OXY- 
GEN; CARBON, NITROGEN, AND SULPHUR; CARBON, NI- 
TROGEN, AND METALS ; CARBON, OXYGEN, AND HYDRO- 
GEN ; AND CARBON, OXYGEN, HYDROGEN, AND NITRO- 
GEN. 

To these salts the term " organic'* is generally applied, from 
their naturally occurring almost solely in the organic kingdoms 
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of nature. Many of these bodies do not, however, occur actually 
in nature, but are the artificial products of a chemical action upon 
natural substances. It was thought till recently that the building 
up of complex molecules from the common and simpler bodies at 
his disposal was not within the power of the chemist : but the 
experiments of recent years have shown this to be a fallacy ; for, 
by skilful manipulation and ingenuity of contrivance, many most 
complicated substances have been artificially constructed. N'u- 
merous bodies have not yet been thus produced ; but their number 
is constantly diminishing. By a consideration of the members of 
this section, it will be seen that they are often arranged in series, 
somewhat after the manner of the borates, already alluded to ; 
and it needs but little discernment to predict that, if by a certain 
process one member of such a series can be formed, by a slight 
variation of the experiment to suit the circumstances of the spe- 
cial case, every member of the group may probably be produced 
at will. The invention of a method is a discovery ; but the pro- 
duction of aU subsequent members of the series is but the appli- 
cation of a principle. 

Of odd-radicals formed by the union of carbon with nitrogen, 
one only is of any analytical importance, viz. cyanogen. 

SALTS OF CYANOGEN, OE CYANIDES. 

These bodies occur in some few organic products ; and the 
radical may also be formed directly from its elements by exposing 
hydrate or carbonate of potassium to the joint action of carbon (or 
carbonic oxide) and nitrogen, at a high temperature. This action 
has been made to take place by employing charcoal saturated with 
the salts just mentioned, and heating it strongly in a vertical shaft 
to which the nitrogen, &c. of a furnace-flue was admitted by ap- 
propriate openings. The radical is thus obtained in combination 
with potassium. It may also be obtained by the decomposition of 
ferrocyanide of potassium. (See p. 53.) 

The cyanides of the first subdivision may be fused without de- 
composition, excepting the ammonium salt, which volatilizes un- 
changed ; the fusion may be effected on charcoal. The cyanides 



CYANIDES. 337 

of the second subdivision also sustain a high temperature without 
change. Many other cyanides, however, decompose into cyanogen 
gas and metal, or into cyanogen gas and a mixture of the metal 
with a paracyanide : such cyanides are the silver and mercuric 
salts. Others, again, are resolved into their elements — carbon, 
nitrogen, and metal ; e. g, cyanide of lead (PbCN' or PbCy). 

The Hydeogen Salt (HON' or HCy), hydrocyanic or prussic 
acid, is remarkable as being one of the most terrible poisons 
known. It is a transparent, colourless, mobile liquid of sp. gr. 
0.705—0-710 at 6° C; it freezes at —15°, boils at 27^-5, and 
volatilizes in the air with such rapidity, that the cold pro- 
duced by the evaporation of a portion freezes the remainder : it 
is inflammable, burning with a pale blue flame. In a state of 
great dilution, it is used in medicine. Pure hydrocyanic acid and 
its aqueous solution, if tolerably concentrated, rapidly decom- 
poses, yielding ammonia and a brownish black powder. The 
presence of a trace of mineral add prevents this change ; but a 
large quantity of a strong acid itself causes a decomposition, the 
hydrocyanic acid then yielding an ammonium salt and formic 
acid, thus — 

HCN4-HC14-2H,0=NH,C1+HCH0,. 

hydrocyanic formic 

acid. acid. 

This radical may be detected both by the formation of insoluble 
salts and by its products of decomposition ; also by certain com- 
plex bodies which it may be made to yield. 

Eegarding the solubility of cyanides, it may be stated that the 
salts of the first and second subdivisions are readily soluble in 
water : for the bases of the first half of the third subdivision this 
radical exhibits little affinity; but the cyanides of iron, manganese, 
cobalt, nickel, and zinc, and those of the fourth subdivision, are 
for the most part insoluble in water. The insoluble cyanides all 
exhibit the peculiarity of dissolving in excess of alkaline cyanide, 
to form compounds in which a new, and often very stable, com- 
pound acid-radical is believed to exist. Such a change is repre- 
sented, in the case of iron, by the following equations : — 

Q 
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KCy +reCl=FeCy +KC1 ; 

ppt 

FeCy+2KCy=2KCy, FeCy =K, FeCy.. 

double cyanidB ferrocyanide 
of potaflsduQi of potassium, 
andiron. 

The ferrocyanides are usually written M^Cfy. These changes 
have already been alluded to under iron and cobalt, pp. 120, 132. 

The Potassium, Sodittm, Baektm, STEOirniJM, Calcium, and 
Magnesium Salts are soluble. 

The Feeeous Salt (FeCy) is a light reddish brown precipitate. 
(See p. 120.) 

The Cupbous Salt is white : it is generally produced by adding 
to a soluble cupric salt, first, sulphurous acid, and then hydro- 
cyanic acid or cyanide of potassium. Its formula is CUj,Cy. It 
is soluble in cyanide of potassium, in the hydrate and many other 
ammonium salts, and in concentrated hydrochloric acid. 

The Cupbic Salt is brownish yellow. It decomposes sponta- 
neously into cupro-cupric cyanide and cyanogen gas. Its for- 
mula is CuCy. It is soluble in excess of cyanide of potassium. 

The Silver Salt is a white curdy precipitate. Its formula is 
AgCy. It is soluble in alkaline cyanides and hyposulphites, in 
ferrocyanide of potassium, and in hydrate of ammonium. It is 
decomposed by strong hydrochloric, nitric, and sulphuric acids, 
more especially on boiling ; the dilute acids act but slightly on it. 

The Mebcitboxjs Salt is unknown : mercurous nitrate produces 
with cyanide of potassium a grey precipitate of metallic mercury, 
mercuric cyanide being formed and dissolved. 

The Mebcttbic Salt (HgCy) is soluble. 

The Lead Salt is white. Its formula is PbCy. It appears 
to be insoluble in the cyanides of calcium and potassium. It 
is decomposed by cold dilute sulphuric acid, but not by dilute 
nitric acid. 

This acid-radical is also recognized by the following changes 
and decompositions : — 

a. "When hydrocyanic acid is set free by the action of a di- 
lute acid on its salts (dilute hydrochloric acid is found to answer 
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best*), and heat applied to the liquid, the acid, as it escapes, may 
be seen to be inflammable by applying a light to the mouth of the 
tube. It bums with a blue flame. This vapour has also a most 
peculiar smell, resembling, when diluted with much air, the odour 
of peach-blossoms ; it also produces a singular sense of heat at 
the hcLck of the throat a few seconds after inhalation. These ex- 
periments, and the others about to be described, if performed at 
all, should be tried on a very small scale, and with the greatest 
precaution. 

p. If the mercuric or silver salt be obtained, dried, and care- 
fully ignited in a short and very narrow tube, the gas cyanogen is 
disengaged, which, though generally considered to be the acid- 
radical itself, is, as we have previously shown, more probably the 
cyanide of cyanogen, CyCy. This gas, upon the application of a 
light, bums with a violet flame. 

y. If a cyanide be decomposed by a drop or two of add, in a 
watch-glass over which is inverted a second watch-glass moistened 
with a trace of sulphydrate of ammonium solution containing 
sulphur in excess, placed in the centre of its concave surface (the 
circumferences of the two glasses accurately fitting), the hydro- 
cyanic acid evolved will be found, after the lapse of a few minutes, 
to have given rise, by its action on the sulphide, to the salt known 
as sulphocyanide of ammonium, thus — 

HCy + NH.HS + S=NH,CyS + H,S. 

The sulphocyanide thus produced may be recognized by a ferric 
salt ; but, in order to ensure success, the upper watch-glass should 
be placed in a water-bath (that aU remaining sulphydrate of am- 
monium may evaporate), and to the residue a small quantity of a 
solution of ferric chloride added : the magnificent blood-red colour 
of ferric sulphocyanide will be at once produced, and is indicative 
of the presence of cyanogen in the original substance tested. 

*■ When it is desired to distinguish the odours of acids, concentrated re- 
agents should not in general be employed as liberators of the acids ; for 
nitric, hydrochloric, and several other adds, being themselves volatile, may 
completely mask all other odours by their own pungent vapours. 

q2 
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^. If we take an alkaline cyanide (which may be made from 
any other cyanide by boiling the latter with hydrate or carbonate 
of potassium and jfiltering), and add to it a solution containing a 
ferrous and a ferric salt, warming the liquid at the same time, 
the excess of alkali present will of course produce a dense pre- 
cipitate, consisting apparently of ferrous and ferric hydrates only ; 
but if to the precipitate an excess of dilute hydrochloric acid be 
added, the presence of a blue confound, previously masked, 
will be rendered manifest. This precipitate is Prussian blue 
([Fe^j.^Cfyg), or ferric ferrocyanide ; and its production is an ex- 
cellent indication of the original presence of cyanogen. 

A word of explanation with regard to the formation of the 
ferrocyanogen salts just described may be introduced here. The 
ferrous and ferric salts, though added simultaneously, may be more 
conveniently considered as acting separately; and the changes 
may be regarded as taking place in the following order : — 

' KCy 4-FeH0=FeCy-hKH0 

^ ferrous 

1* ' hydrate. 

.2Kqy4-Feqy=B:,FeCv3=K,Cfjr. 
ferrocyanide of potamnum. 

2. 3K2Cfy4-2Fe H 03=(Fe,),Cfy3 4-6KHO. 
ferric nyarate. prussian blue. 

€. Mixed solutions of hydrate and cyanide of potassium dissolve 
mercuric oxide (Hg^O) with great facility ; and since this oxide 
is quite insoluble in a solution of hydrate of potassium which has 
been mixed with any other salt but an alkaline cyanide, this 
solvent power is therefore an indication of the presence of 
cyanogen. 

Cyanogen is most usually identified by the tests /3, y, and 5. 

Of acid-radicals formed by the union of carbon, nitrogen, and oxi/gen^ one 
is known, the cyanic. 

SALTS OF THE CYANIC RADICAL, OB CTANATES. 

The salts are commonly obtained by the action of oxidising agents upon 
cyanides. The potassium salt may be readily produced by fusing cyanide of 
potassium with the oxides of lead or copper; "red lead'* is frequently em- 
ployed for the purpose. 
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Alkaline cyanates are not decomposed by simple fusion ; but, like all other 
cyanates, they are instantly decomposed when heated on charcoal. 

Thb Hydrogen Salt (HCyO), or cyanic acid, is a colourless liquid 
which has a peculiar odour intermediate between that of acetic acid and 
that of sulphurous anhydride (SO2). It presents the peculiarity of spon- 
taneously changing into a white solid called cyamelide. An aqueous solu- 
tion of the acid yields, at ordinary temperatures, add carbonate of ammo- 
nium, thus — 

HCNO +2H2 O =NH4 HCO3. 

Most of the cyanates are more or less soluble in water, those of the first 
and second subdivisions dissolving readily. 

The Potassium, Sodium, Babium, Strontium, Calcium, and Magnesium 
Salts are soluble. 

The Ferrous Salt does not exist. 

The Cupric Salt is a greenish brown precipitate. 

The Silver Salt is & white precipitate. Its formula is AgCyO. It is 
soluble in cyanide of potassium and in hydrate of ammonium ; it dissolves 
sparingly in boiling water, and is almost insoluble in cold water. It is de- 
composed by dilute nitric add. 

The Mercurous Salt is white. 

The Lead Salt is white. Its formula is FbCyO. It is slightly soluble in 
boiling water, and is dissolved, with decomposition, by dilute nitric add. 

This radical may also be detected by its decomposition. 

a. When cyanic add is set free by the action of an acid on a cyanate, it 
decomposes with an effervescence due to the escape of carbonic anhydride 
(CO2) : the pungent odour of cyanic acid, which in part escapes undecom- 
posed, will be very perceptible. If the liquid be tested for ammonium, 
additional evidence will be obtained of the original presence of the cyanic 
radical: the two reactions, which occur simultaneously when a cyanate is 
decomposed by an add, may be represented in one equation, — 

Ha04-2KCNO-h2H,S04=HCN04-KHS044-KNH^S04-hC02. 

p. Hydrosulphuric add is said to decompose cyanic acid. 
The cyanic radical is generally recognized by the test a. 

Of odd-radicals prodtcced hy the union of carbon, sulphur , and nitroffen, 
one is well known, viz. the sulphocyanic. Its soluble salts are very useful 
as tests. 

SALTS OF SULPHOOTANOGEN, OR SULPHOCTANIDES. 

The sulphooyanides are prepared much in the same way aa the cjranates, 
substituting sulphur for 03ygen : the potassium salt, for instance, is generally 
obtained by fusing ferrocyanide of potasdum with carbonate of potasdum 
and sulphur. (See p. 54.) 
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The sulphocyanides are all more or less easily deoompoeed when heated, 
and yield very varied and very numerous products. 

The Hydrogen Salt (HCNS ct HCsy), hydrosulphocyanic acid, may 
be produced by saturating hydrocyanic acid with hydrosulphuric add, and 
exposing the liquid to the air. When pure, it is a colourless oily liquid, 
haying a pungent odour like that of acetic acid : it fiwezes i^ 12°'5, boils at 
102° '5. It is yery poisonous. On keeping, it is speedily resolved into a new 
acid, hydropersulphocyanic acid, with evolution of hydrocyanic acid, thus — 

3HCNS=HCN4-HaCaN2 S3. 

yellow ppt. 

Sulphocyanogen may be recognized by the insoluble salts which it forms* 
by the remarkable colour of the ferric salt, and by the products of decompo- 
sition which its compounds yield. 

The majority of the sulphocyanides of the three first subdivisions are 
soluble in water. The chief insoluble compounds are the silver, mercurous, 
and lead salts. 

The Potassium, Sodium, Barium, Strontium, Calcium, and Magnesium 
Salts are soluble. 

Tho Ferric Salti though soluble, is very charactesristio : it imparts to 
water a magnificent blood-red colour. 

The Cuprous Salt is a white precipitate. Its formula is CojCNS 
( = CUj Csy ). It is scarcely altered by hydrochloric acid ; but nitric and sul- 
phuric acids decompose it. 

The Cupric Salt does not separate from dilute solutions ; if concentrated 
solutions be employed, a precipitate is obtained which is grey from the ad- 
mixture of cuprous sulphocyanide. The pure cupric salt may be produced 
by adding some sulphuric acid to a concentrated solution of sulphocyanide 
of potassium, and then a saturated solution of cupric sulphate. A black 
crystalline precipitate, of the formula CuCNS or CuCsy will slowly separate. 
This substance is decomposed by pure water, but dissolved by ammonia 
water. Nitric, sulphuric, and hot hydrochloric acids dissolve it. 

The Silver Salt is & white precipitate. Its formula is AgCNS. It is 
soluble in hydrate of ammonium, very sparingly dissolved by boiling water, 
and insoluble in dilute nitric acid. 

The Mercurous Salt is white. Its formula is Hg2CNS. It is scarcely 
attacked by nitric acid. 

The Mercuric Salt is soluble. 

The Lead Salt separates gradually from the mixed solutions of plumbic 
acetate and sulphocyanide of potassium; it is more rapidly deposited on 
agitation : it is a pale yellow crystalline precipitate. Its formula is PbCNS. 
It is decomposed by pure water : warm nitric acid converts it into sulphate 
of lead. 

This acid-radical may also be detected by the decompositions which its 
compounds suffer. 
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a. When a sulphocyanide (that of potaasium, for instance) is boiled with 
nitric acid, or when chlorine gas is passed into the aqueous solution of a sul- 
phocjanide, a yellow precipitate is produced, to which the name " pseudo- 
sulphocyanogen" has been given : the probable constitution of this body is 
HC3N3S3. 

p. Most sulphocyanides, when heated in a closed tube, yield a sublimate 
of sulphur, together with many other products. The ammonium suffers very 
remarkable changes, and yields, among other volatile bodies, bisulphide of 
carbon, sulphide of ammonium, hydrosulphuric add, and sulphur. 

This acid-radical may be recognized by its insoluble silver and lead salts, 
and by the decomposition described under a. 

Of acid-radtedls formed by the union of cyanogen with metals, 
there are three which more especially demand notice : they are 
known respectively as ferrocyanogen, ferricyanogen, and cobalti- 
cyanogen. The number of these compounds of carbon, nitrogen, 
and metals, or rather of cyanogen and metals, is, however, very 
great. They are generally formed by the direct imion of two 
metallic cyanides, which, instead of combining to form a double 
salt, appear to undergo a total change in the arrangement of their 
constituent molecules : — 

2KCy-freCy=K,(reCy3). 

Some few of these compounds do, however, appear to partake far 
more of the characters of double salts than of simple salts which 
contain compoimd acid-radicals : such compounds are those formed 
by the cyanides of zinc and copper — ^KCy,ZnCly, and KCy,Cu2Cy ; 
while in other compounds, such as those of iron, manganese, 
cobalt, and platinum, so complete a metamorphosis has been 
effected, that no hesitation can be felt in ascribing to them a 
constitution differing fix)m that of the others. The two com- 
pounds containing cyanogen and iron — ^ferrocyanogen (FeCyj) 
and ferricyanogen (Pefije) — ®^ ^^^ known in combination with 
basic radicals, forming very stable salts: the former of these 
radicals is bibasic, the latter tribasic. Chromium and manganese 
yield several radicals ; but their salts are not stable. The best 
known of these last mentioned compound radicals are chromi- 
cyanogen (CkJCj^) and manganicyanogen (Mn^Cyg), which are 
each tribasic. Cobalt forms a radical of the formula Co^Cy^, the 
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salts of which (cobalticyanides) are very stable. The metals 
allied to platinum yield several radicals by miion with cyanogen. 

SALTS OF FEEROCYANOeEN, OR FEBBOCYANIDES. 

A ferrocyanide is produced when an alkaline cyanide meets 
with iron, or an iron salt, under appropriate conditions. 

Ecrrocyanides are decomposed by heat : in most cases nitrogen 
gas is evolved^ and a residue of iron and carbon left. 

The Hydrogen Salt (HjCfy), or hydroferrocyanic acid, is pro- 
duced when hydrochloric acid is added to a concentrated solution 
of ferrocyanide of potassium. It separates on the addition of 
ether, in the form of minute white, yellowish, or bluish crystals 
floating in the ether. It is soluble in water. 

This radical is best recognized by the formation of certain 
characteristic salts ; but it may also be identified by the products 
of its decomposition. 

The chief insoluble ferrocyanides are the calcium, ferrous, 
ferric, cupric, argentic, and lead salts. 

The Potassium and Sodium Salts are soluble. 

The Barium Salt dissolves in about 36 parts of cold water. 

The Strontium Salt is soluble. 

The Calcium Salt is a white precipitate. 

Its formula is KCaCfy-f l|aq. 

It requires about 800 parts of cold water for its solution, and 
is even less soluble in water containing ammonium salts. 

The IMLagnesinm Salt is a white precipitate. 

Its formula is Mg^Cfy-fGaq; but when an ammonium is 
present in the solutions employed, the precipitate appears to be 
MgNH.Cfy. 

It is insoluble in chloride of ammonium, readily soluble in 
hydrochloric add. 

The Ferrous Salt is a white, or more usually a pale blue pre- 
cipitate, which is rapidly converted by the air or oxidizing agents 
into the ferric salt, becoming a deep blue in consequence. 

Its formula is KFOgCfy^, or KFeCiy,Fefify. 

It is nearly insoluble in water. 
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The Ferric Salt is produced by the action of ferric salts on a 
solution of ferrocyanide of potassium. It is a deep blue preci- 
pitate, known as Prussian blue. 

Its formula is (Fe^Cfy^. 

It is insoluble in water, and in dilute hydrochloric acid (see 
p. 126). 

The Cupbous Salt is a white precipitate. Its formula is 
(^2)2^fy* I^ IS soluble in the hydrate, but insoluble in the 
other salts of ammonium. 

The Cupric Salt is a brownish red precipitate. 

Its formula is CUgCfy. 

It is insoluble in water, ammonium salts, and acids. 

The Silvee Salt is white. Its formula is Ag^Cfy. It is so- 
luble in cyanide of potassium, in the hydrate but not in the other 
salts of ammonium. Hydrochloric acid does not act upon it ; 
but nitric acid dissolves out one-fourth of its silver, convert- 
ing it into ferricyanide. Sulphuric acid dissolves it. It is in- 
soluble in water. 

The Meecurotis Salt is not known ; ferrocyanide of potas- 
sium precipitates yellowish white flakes (which contain no mer- 
cury) from solutions of mercurous salts. 

The Meecueic Salt is white. 

The Lead Salt is white. Its formula is Pb^Cfy. It is 
sparingly soluble in hot hydrate of ammonium, and entirely in 
chloride of ammonium, but not in the other common ammonium 
salts. It is insoluble in water, but partially soluble in sul- 
phuric acid. 

This acid-radical may also be detected by the following pro- 
cesses of decomposition ; — 

a. If ferrocyanide of potassium or sodium be made by boiling 
any other ferrocyanide* with the hydrates or carbonates of potas- 

* Insoluble ferrocyanides may be thus decomposed, an alkaline salt of the 
radical, and an insoluble carbonate of the base being formed. Thus, to take 
two examples — 

(Fe,)2Cfy3 4-6KHO=3K,Cfy4-2Fe2H303; or 
Ba^Cfy4-Na2C03=Na^Cfy-hBa^C03. 

Q 5 
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slum or sodiam and filtering, and the resulting solution then eva- 
porated to dryness and ignited in a small covered cmcibley a fused 
mass will be obtained, and, in that part of it soluble in water, 
an alkaline cyanide will be found, which may be identified by 
any of the usual tests, while the residue, insoluble in water, 
may, after due washing, be dissolved in hot hydrochloric or nitric 
add and tested for iron. 

/3. When an alkaline ferrocyanide is heated with dilute sul- 
phuric acid, the characteristic odour of hydrocyanic add is per- 
ceptible. 

y. But when powdered ferrocyanide of potasdum (or of sodiimi) 
is heated with concentrated sulphuric add, scarcely a trace of 
hydrocyanic add is evolved, but only carbonic oxide gas (CO), 
according to the following equation : — 

2K, FeC, N3 -f- 6H, + 6H, SO, 
=2K, SO.+Fe, 80,+3[NHJ, 80,+6CO. 
Ferrocyanogen is usually recognized by the formation of the 
ferrous and ferric salts ; occasionally also the cupric and uranium 
compounds are employed for this purpose, as well as the process 
given under a. 

SALTS OF FXBRICTANOGKir, OB FEBBICTANEDES. 

The potassium salt is obtained by passing chlorine into a solution of 
ferrocyanide of potassium, until a drop of the solution no longer produces a 
blue predpitate with a ferric salt. 

When heated, ferricyanides undergo decompositions very similar to those 
of the ferrocyanides. 

The Hydrogen Salt (H3 Fcg Cyg or Hg Cfdy ), or hydroferricyanio add, 
is obtained by the action of hydrofluosilidc add upon ferricyanide of po- 
tassium. 

This radical may be recognized by the formation of the ferrous, ferric, 
zinc, and silver salts. 

The Potassium, Sodium, Babium, Strontium, Calcium, and Magnesium 
Salts are soluble. 

The Ferrous Salt is produced by the action of ferricyanide of potas- 
sium : it is a blue predpitate. Its formula is Fog Cfdy. It is insoluble in 
water and in hydrochloric add. 

The Ferric Salt is thought to be produced by the action of ferricyamde 
of potassium. It is a very soluble salt, and only appears in the form of a 
brownish green solution. 
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The Zino Salt is produced by the action of fnricyanide of potassiam : 
it is an orange brown precipitate. Its formula is Zm^ Cfdy. It dissolves in 
ammonium salts. 

The Cuprous Salt is reddish brown. Its formula is {Cxi^\Cidj. It is 
soluble in the hydrate, but not in other salts of ammonium ,* it is insoluble in 
hydrochloric acid. 

The Cupbic Salt is brownish or greenish yellow. Its formula is Cug Cfdy. 
It is soluble in the hydrate and carbonate of anmionium, but not in other 
ammonium salts, unless with the aid of heat. 

The Silver Salt is orange yellow. Its formula is Ag^ Cfdy. It dissolves 
in the hydrate, and in a hot solution of the carbonate of anmionium, but is 
insoluble in other ammonium salts. 

The Mercurous and Mercuric Salts are yellow. 

The Lead Salt is deposited gradually in dark brownish red crystals. 
Its formula is Fbg Cfdy. It is somewhat soluble in water. It is decom- 
posed by dilute sulphuric acid into sulphate of lead and hydroferricyanic acid. 

The constituents of this radical may be detected by its decomposition, 
in the manner described under ferrocyanogen ; but the formation of the 
characteristic ferricyanides above mentioned must be relied on for its dis- 
tinction. 

SALTS OF COBALTICTANOGEN, OB COBALTICYANIDES. 

These salts are produced by the direct action of an alkaline cyanide upon 
cyanide of cobalt. 4 eqs. of cyanide of potassium with 2 eqs. of cyanide of 
cobalt only differ from 1 eq. of cobalticyanide of potassium by 1 eq. of po- 
tassium, which in the reaction decomposes 1 eq. of water, producing 1 eq. of 
hydrogen and 1 eq. of hydrate of potassium : 

4KCy-h2CoCy-hH20=K3(Co2Cye)-hKHO-fH. 
Cobalticyanogen, it will be observed, is analogous to ferricyanogen ; the 
cobalt compound corresponding to ferrocyanogen is unknown, or at least 
its existence is very doubtful. 

The Hydrogen Salt (ELqCo^Cj^ or HgOocy), or hydrooobalticyanic add, 
crystallizes in deliquescent needles. Heated above 100^, it is decomposed. 
It is soluble in water and in alcohol, but does not dissolve in ether. 

This acid-radical may be recognized both by the formation of insoluble 
salts, and by its decomposition. 

The Potassium, Sodium, Barium, Stbontium, Calcium, and Magnesium 
Salts are soluble. 

The Ferrous Salt is a white precipitate. Its formula is Fcj Cocy. 

The Ferric Salt is soluble. 

The Zinc Salt is a white precipitate. 

The Cuprous Salt is unknown. 

The Cupric Salt is produced by the action of soluble cupric salts on 
oobalticyanic add: it is a sky-blue predpitate. Its formula is CugCocy-f- 
3Jaq. It is soluble in hydrate of ammonium, insoluble in water and adds. 
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The Silver Salt is a white curdy precipitate. Its formula is Ag, Cocy. 
It is insoluble in water and acids. 

The Mebcurous Salt is a white precipitate. 

The Mercubic Salt is soluble. 

The Lead Salt is readily dissolved by water, but is insoluble in aloohoL 

Cobalticyanide of potassium gives with manganese and stannous salts 
white precipitates, and with cadmium salts a brown precipitate which be- 
comes white. It does not yield any results with titanic, uranic, and chromic 
salts. 

Cobalticyanogen may be recognized by its decomposition in a similar 
manner to the two preceding acid-radicals. 

Of acid-radicals containing carbon, oocygen, and hydrogeny a 
very large number is known ; we shall, however, describe the 
salts of those only which are likely to come in the way of the 
student, viz. the acetates, benzoates, lactates, succinates, tar- 
trates, citrates, gaUates, and tannates. 

SALTS OF THE ACETIC EADICAL, OK ACETATES. 

The radical under consideration is an exemplar of a new class 
or order of compounds : it is a member of what is called " a ho- 
mologous series." Some approach to this form of combination 
has already been noticed in .the case of the borates ; but among 
the compounds of carbon with hydrogen and oxygen, it is more 
completely and extensively developed. An immense number of 
acid-radicals has been discovered by degrees, each requiring the 
same amount of base for its saturation, and each differing, from 
the term of the series next above or below it, only by the mole- 
lecule CHj. The following list shows a few of the hydrogen 
compounds or acids of these radicals : — 

Formic acid HC H O^. 

Acetic acid HC,H30,=HCH0,+ CH,. 

Propionic acid HC3H5 0,=HCH0,+2CH,. 

Butyric acid HC,H,0,=HCH0,-f3CH,, 

Valerianic acidHC,H,02=HCH0,-f4CH:a. 

The series of which acetic acid is a member, is called "the 

series of fatty acids," because, as the amount of CHg increases in 

them, they no longer exhibit the limpidity and perfect misci- 

bility with water characteristic of formic and acetic acids, but 
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become more and more oily, until, finally, the higher terms of 
the series reach the condition of solid fats. All these acids 
have certain features in common : they are volatile without de- 
composition; their boiling point increases regularly with each 
increment of CH^; they all yield similar products of decom- 
position, which vary only by CH^ ; and they may all be formed 
by the same agencies from a series of " alcohols" containing 
basic radicals, which bear a fixed and constant relation to the 
radicals of the acids. 

The acid of the acetic series is produced by the imperfect 
combustion of most organic bodies ; as " vinegar" it is produced 
by the slow oxidation of alcohol, and as " pyroligneous acid" by 
the distillation of wood at a high temperature in iron retorts. 

The acetates of the first and second subdivisions, when heated, 
yield carbonates, and, if out of contact of air, a volatile liquid of 
peculiar odour, called cLcetone (CjHgO). Alkaline acetates, if 
mixed with excess of alkaline hydrate and heated, are completely 
decomposed into the combustible gas known as " marsh-gas" 
and alkaline carbonates. 

The Hydeogen Salt (HC^HgOj), or acetic acid, is a colour- 
less crystalline solid at temperatures below 16° C. ; on this 
account it has received the name of glacial acetic acid.* It 
boils at 120° C. It has the well-known taste and smell of 
vinegar in a most marked degree, and acts as an acrid poison. 

The normal or neutral acetates are almost without exception 
soluble in water ; the basic acetates are for the most part in- 
soluble. 

The Potassium, Sodium, Bakium, Steontium, Calcium, and 
Magnesium Salts are soluble. 

The Febeous and Ferric Salts are soluble ; the latter, how- 
ever, if produced by adding a drop of ferric chloride to the solu- 
tion of an alkaline acetate, imparts a distinct brownish red 
colour to the liquid. If the coloured solution be then boiled, 
the neutral ferric acetate will be decomposed, a mixed hydrate 

* The hydrate of this add, haying the fonnula G^H^OjiH^O, boils at 
104° C. 



350 CHEMICAL BBACIIONS. 

and acetotey or basic acetate, being produced, and the solution 
becoming gradually colourless. 

The Zmc and Cupbic Salts are soluble. 

The Mebcubovs Salt is obtained by adding mercurous nitrate 
to acetic acid or a soluble acetate : it is a white, scaly, crystal- 
line precipitate. Its formula is Hg^CaHgOj,. It dissolves readily 
in excess of its precipitant: it is slightly soluble in water or 
acetic add, especially on warming ; but a slight decomposition of 
the salt into mercuric acetate and mercuiy then occurs. 

The Silver Salt is produced by the action of soluble silver 
salts on the solution of an acetate : it is a white, beautifally cry- 
stalline precipitate, which becomes discoloured by exposure to 
light. 

Its formula is AgC^ HgO^. 

It is soluble in hydrate of ammonium, but dissolves very 
sparingly in cold water or acetic acid, although it dissolves more 
abundantly in these liquids when hot, crystallizing out again on 
cooling. 

The Mebcubic Salt is soluble. 

The Lead Salt (PbCjHgOj,) is soluble. The Basic Lead 
Salt is soluble, and is remarkable for having an alkaline reaction. 
Its formula is PbC^HgO^, Pb,0. 

This acid-radical may also be detected by the following special 
processes : — 

a. When an acetate is warmed with dilute sulphuric acid, 
acetic acid is liberated, and, being volatile without decomposition, 
may be recognized by its peculiar odour and inflammability. 

/3. If an acetate be mixed with a small quantity of alcohol 
(Cj Hj HO or EHO, the hydrate of the compoxmd basic radical 
ethyle) to which an equal bulk of sulphuric acid has been previ- 
ously added, a true salt will be formed, containiog a compound 
basic and a compound acid-radical : this product is termed acetate 
of ethyle, or acetic ether, and may be at once recognized by its pe- 
culiar and agreeable aromatic odour. The reaction is as follows : — 

EHO-f-HA=H,0+Ei. 

y. When an acetate of the first or second subdivision is 
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heated in a test-tube, acetone, remarkable for its odour and in- 
flammability, is evolved ; the reaction is as follows : — 

2BaC,H30,=Ba,C03+C3 H^O. 

acetone. 

The acetic radical is generally recognized by the formation of 
the silver salt, and the test /3. 

SALTS OF THE BEKZOIO RADICAL, OB BENZOATES. 

Just as aoetic acid is the representative of the series of fatty adds, so 
benzoic acid is the type of " the series of aromatic adds." This group is by no 
means so numerous as the former ; but its members present the same regular 
differences of composition, and the same relations to other groups of con- 
nected bodies. Benzoic add, though itself somewhat rare, is the member of 
this series most conmionly met with. 

Benzoates when heated decompose, generally giving rise to the formation 
of a volatile solid body termed benzophenone, which is in reality the ben- 
zoate of phenyle (Cg Hg, C^ Hg O^). 

This radical may be recognized by the formation of insoluble salts, and by 
processes of decomposition. 

The Hydrogen Salt (HC^ H^ O2), or benzoic add, is generally obtained 
by exposing " gum benzoin " and several other resins to heat, or by boiling 
them with an alkaline hydrate. It crystallizes in plates, and has an aromatic 
odour. At 120° C. it fuses, sublimes at 145°, and boils at 239°. Its vapour, 
if inhaled, provokes coughing. It is but slightiy soluble in cold, more readily 
in hot water. In alcohol it is soluble. 

Nearly all benzoates are soluble in water ; the ferric salt is the most cha- 
racteristic insoluble benzoate. 

The Potassium, Sodium, Barium, Strontium, Calcium, Magnesium, and 
Ferrous Salts are soluble. 

The Ferric Salt is produced by the action of ferric chloride upon solu- 
tions of benzoates. It is of a reddish yellow colour, and has the composition 
of a basic salt. It is dissolved by most adds. 

The Zinc Salt is soluble. The Cuprous Salt is unknown. 

The Cupric Salt is produced by the action of soluble cupric salts upon 
solutions of benzoates, as a blue precipitate. Its composition is CuC^ Hg Oj 
with some water of crystallization. It is soluble in many adds. 

The Silver Salt is produced by adding a soluble silver salt to a solution 
of a benzoate, as a white curdy predpitate. Its formula is AgC^ Hj O^. It 
dissolves in boiling water and in many adds. 

The Mercurous Salt is a curdy predpitate. The Mercuric Salt is a 
white curdy predpitate, slightiy soluble in water and alcohol. 

The Lead Salt is a white predpitate of the formula PbC^HgO, with 
water of crystallization. 
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This acid-radical may also be detected by the following methods : — 
a. When an acid is added to a soluble benzoate, a precipitate of benzoic 
acid is produced, which, if boiled in water, dissolves, and crystallizes out 
again on cooling. The add, when separated, may be recognized by its fusi- 
bility, volatility, and remarkable odour. 

(3. The dry cupric benzoate, when heated in a test-tube, decomposes, with 
the formation, among other products, of the benzoate of phenyle (Cg H^, 
C^HgO^)) which is a body possessing an odour resembling tibat of the 
geranium. 

SALTS OF THE LACTIC RADICAL, OR LACTATES. 

This radical is bibasic ; and the lactates known belong to the two series of 
acid and neutral salts : for the most part they dissolve sparingly in water or 
alcohol, and are insoluble in ether. 

The Hydrogen Salt, or lactic acid, occurs in sour milk, in which it is 
produced by a fermentive action upon the milk-sugar that liquid naturally 
contains, thus — 

Ci, H,o 0^0 +2H, O =2Ce H,, O,. 

lactie acid. 
It is produced by the fermentation of other kinds of sugar. Its formula is 
HaCgHjoOg. It is a colourless syrupy liquid, which does not solidify at 
24° C. It is inodorous, but has a biting acid taste. In presence of platinum 
it volatilizes without decomposition at about 200° C. Heated alone, it de- 
composes at about 130° C. into water and lactic anhydride (CjaHgoOjo). 
The latter is a pale yellow, bitter, and easily fusible solid. At high tempe- 
ratures, lactic acid decomposes into a great variety of products. Lactic acid 
dissolves in water in all proportions. 

The lactates of the first subdivision are very soluble in water ; those of the 
second subdivision require from 20 to 30 parts of water for solution, while 
the majority of the remaining salts dissolve easily. 

The Potassium, Sodium, Barium, Strontium, Calcium, and Magnesium 
Salts are soluble. 

The Ferrous Salt is a nearly white precipitate. Its formula is Fe^ L. It 
is soluble in 48 parts of water at 10° C, or in 12 of boiling water ; it is in- 
soluble in strong alcohol. 

The Ferric Salt is brown and soluble. 

The Zinc Salt is white, and crystallizes in fom'-sided prisms belonging to 
the right prismatic system. Its formula is Ztl^ L. It is soluble in 58 parte 
of cold, or 6 of boiling water ; it is insoluble in alcohol. 

The Cupric Salt is very soluble. 

The Silver Salt is soluble in 20 parts of cold water, nearly insoluble in 
cold, but very soluble in hot alcohol. 

The Mbrcurous^Salt is a white precipitate consisting of fine needles. Its 
formula is (Hg2)2 L-f-aq. It is sparingly soluble in cold, and is decomposed 
by boiling water. 

The Mercuric Salt is soluble. 
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Thb Lead Salt is soluble. 

Lactates may also be reoognized by the following processes : — 

a. When the hydrogen compound, lactic acid, is heated to 130° C, water 
containing a little lactic add distils, and the residue, on cooling, becomes a 
yellowish white solid, of very bitter taste, almost insoluble in water, but 
easily soluble in alcohol or ether. It is called " lactide," and has the for- 
mula CgHjoOg, and by long boiling with water is converted again into 
lactic acid. 

/3. If lactic acid be heated with concentrated sulphuric acid, almost pure 
carbonic oxide gas is given off, and a body resembling humin remains behind. 

SALTS OF THB SUCCINIC RADICAL, OB SUCCINATES. 

To the series of which succinic acid is a member, the name " oxalic acid 
series" has been applied. Oxalic acid, the first member, has been already 
described as a volatile and bibasic acid ; succinic acid and the other terms of 
the series, or homologvss of oxalic acid, present the same characteristics. 
Succinic acid is obtained in many ways ; the most important of these are the 
dry distillation of amber, and the fermentation of malate of calcium. 

Succinates when heated yield numerous products of decomposition, car- 
bonic anhydride and acetic add being among the number. 

The Hydrogen Salt (Hg C^ H^ 0^ or Hg S), or succinic add, crystallizes in 
colourless prisms belonging to the oblique prismatic or monoclinic system. 
It is inodorous. It melts at 180° C, and boils at 235°, forming a most 
pungent vapour, which, if inhaled, exdtes violent coughing. It dissolves in 
5 parts of water at 16° C, in 22 parts of boiling water, and in 1'37 part of 
strong alcohol. 

Many succinates are soluble in water ; the insoluble salts dissolve readily 
in acetate of potassium. 

The Potassium and Sodium Salts (KjC^H^O^ and NagO^H^OJ are 
soluble. 

The Barium and Strontium Salts are sparingly soluble in water, but dis- 
solve in adds ; in alcohol they are insoluble. 

The Calcium Salt is precipitated on boiling concentrated solutions of 
chloride of caldum and succinate of ammonium. Its formula is Ca^C^ H4O4 
-f-aq. It is soluble in succinic, acetic, and most other adds, but insoluble, 
or nearly so, in alcohol: 

The Magnesium Salt is soluble. 

The Ferrous Salt is a grey-green predpitate, insoluble in water, but 
soluble in acids. 

The Ferric Salt is a reddish brown predpitate of very variable consti- 
tution. It is insoluble in water, soluble in hot solutions of succinic or acetic 
add, and in most other adds. 

The Gupric Salt is green or blue. Its formula is Cu^ C^ H4 O4. It is 
soluble with difficulty in water or solution of succinic add ; it dissolves in 
acetic and other adds. 
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Thb Silver Salt is a white precipitate, produced by nitrate of silyer in 
neutral or alkaline solutions. It is soluble in hydrate of ammonium, and dis- 
solves slowly in water or acetic add. It dissolves in most mineral acids. 

Tub Mebcubous Salt appears to be solubla The Meacubio Salt is a 
white precipitate. 

The Lead Salt is a white precipitate. Its formula is V\C^'n.^O^. It 
is but sparingly soluble in water, in acetic, or boiling solution of suodnio 
acid. In alcohol it is insoluble. 

The radical of the succinates may be recognized by the following tests : — 

a. Succinic add, when heated in the air, evolves suffocating vapours, which 
bum with a pale flame. It may be sublimed in great part unchanged. 

p. Succinates are not blackened when heated with strong sulphuric add. 

SALTS OF THE TARTARIC BADICAL, OB TARTRATES. 

The potassium salt of this radical is found in the deposit which 
occurs in wine casks, and which is termed " Tartar/' or " Argol." 
This radical is not at present known to be a member of any 
homologous series ; it is bibasic ; none of its inorganic salts are 
volatile without decomposition. 

Tartrates when heated evolve the peculiar odour of burnt sugar, 
decomposing with formation of carbonic anhydride, carburetted 
hydrogen gas, acetic acid, pyrotartaric acid, and other bodies. 

The Hydrogen Salt (HjC^H^Oq or H^T), or tartaric acid, is 
a substance which crystallizes in fine colourless prisms belonging 
to the oblique prismatic system. It melts at 170° C. to a trans- 
parent colourless liquid, but does not volatilize without decom- 
position. When heated to a high temperature, new acids are 
obtained from tartaric acid. 1 part dissolves in -j^ part of cold, 
and in a less quantity of boiling water. This acid has the pro- 
perty, in common with several others, of preventing the precipi- 
tation of many oxides by hydrate of potassium or ammonium. 

This radical may be recognized both by the formation of in- 
soluble salts and by processes of decomposition. 

The neutral teirtrates of the first subdivision are almost the 
only soluble neutral salts of this radical, and their acid salts 
almost the only insoluble acid salts. 

The Barium Salt is produced by the addition of chloride of 
barium to the neutral or alkaline solution of a tartrate : it is a 
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white precipitate. Its formula is Ba^C^H^Og. It is easily 
soluble in aU. ammonium salts except the hydrate; it is also 
soluble in hydrochloric acid. 

The Steonttom Salt is comparatively soluble in water, readily 
so in chloride of ammonium. 

The Caldiun Salt is produced by the addition of even the 
hydrate or sulphate of calcium in aqueous solution to tartrate of 
sodium ; it is produced in larger quantity by chloride of calcium. 
Its formula is Ca^C^H^Og. Its precipitation is prevented, or at 
least retarded, by the presence of ammonium salts, in which it is 
easily soluble. This salt, if filtered and washed, is remarkable 
for its solubility in cold hydrate of potassium, its reprecipitation 
on boiUng the alkaline solution, and its re-solution on the cooling 
of the liquid. 

The MAGiTEsrcTM Salt is comparatively soluble. 

The Eebbotjs Salt is a green precipitate. 

The Feeeic Salt appears to be soluble. 

The Zinc Salt is soluble. 

The Ctjpkic Salt is a green precipitate. Its formula is 
Cu^C^ H^Oq -f 3aq. It is soluble in a boiling solution of carbonate 
of sodium and in acids. 

The Silver Salt is a white and crystalline precipitate. Its 
formula is Ag^C^H^Og. It is insoluble in water; iu hydrate of 
ammonium it dissolves, forming a solution which, when boiled, 
deposits a great portion of the silver it contains upon the sides of 
the containing vessel. With proper modifications, this constitutes 
Petitjean's silvering process. 

The Mebcxjbotjs and Mebctjbic Salts are white precipitates, 
insoluble in water, but soluble in acetic, tartaric, and mineral 
acids. 

The Lead Salt is white. Its formula isPb^C^H^Og, It is 
soluble in chloride of ammonium, nearly insoluble in water ; it 
dissolves in adds. 

This acid-radical may be distinguished by processes of decom- 
position. 

a. Tartaric acid and tartrates, when heated on platinum foil, 
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char, and evolve inflammable gases and the peculiar odour of burnt 
sugar. The experiment may be performed in a test-tube open 
at both ends. 

j3. When a tartrate is boiled with concentrated sulphuric acid, 
besides the odour of burnt sugar which is evolved, and the carbon 
which separates rapidly, carbonic oxide gas is also formed, and 
may be detected by the blue flame with which it bums when a 
lighted taper is applied to the mouth of the test-tube employed. 

The tartaric radical is usually recognized by the formation of 
the insoluble or sparingly soluble barium, calcium, and silver 
salts, and by the tests a. and /3. 

SALTS OF THE CITKIC EADICAL, OK CITEATES. 

The citric radical belongs to no ascertained homologous series. 
It is tribasic. The acid is found in many plants, especially in 
the fruit of the Citrus medica, or lemon, and of the Citrus auran- 
tium, or orange. 

The citrates, when heated, begin to decompose at about 230° C, 
evolving many volatile products, and leaving a large quantity of 
charcoal. 

The Hydeogen Salt (HgCgH^O^ or HgCi), or citric acid, is a 
colourless crystalline body of the same form as the commercial 
acid HgCi-haq, which occurs in prisms belonging to the right 
prismatic system: these hydrated crystals effloresce in the air, 
and form the true acid. When heated to a high temperature, 
citric acid yields several new acids. 

The radical may be recognized both by the formation of in- 
soluble salts and by its decomposition. 

The majority of the citrates are insoluble in water. The salts 
of the first subdivision are, however, soluble. 

The Baeitoc Salt is a white precipitate. Its formula is 
BagCg HgO^. It is soluble in ammonium salts, in a large propor- 
tion of water, and in acids. 

The Steontium Salt is a white precipitate of the formula 
SrgCgHgO^, soluble in many acids. 

The Caldnm Salt is a white crystalline precipitate, which 



GALLATES. 357 

is produced in dilute solutions only on boiling; the salt par- 
tially redissolves on the cooling of the solution. Its formula is 
CagCgHgO^ It is soluble in chloride of ammonium solution; 
it dissolves more spjiringly in boiling than in cold water; it 
is soluble in acids and in most ammonium salts, excepting the 
hydrate. 

The Magnesium Salt is soluble. The Zinc Salt is but slightly 
soluble in water. 

The Peeeic Salt is soluble. 

The Ctjpric Salt is precipitated on boiling as a green crystal- 
line powder. Its formula is CugCi, CuHO-f-aq. 

The Silveb Salt is a white precipitate. Its formula is 
AggCg HgO^. It is soluble in boiling water. 

The Meectteotjs and Meectteic Salts are white precipitates. 

The Lead Salt is a white precipitate, soluble in ammonium 
salts. 

This acid-radical may be distinguished by the following tests : — 

a. Citric acid, when heated in a tube open at both ends, evolves 
irritating acid vapours; heated on platinum foil, it chars and 
evolves combustible gases. 

/3. When boiled with concentrated sulphuric acid, citric acid 
evolves a trace of acetic acid and a large quantity of carbonic 
oxide, which may be kindled. A gradual separation of carbon 
also takes place. 

SALTS OF THE GALLIC RADICAL, OB GALLATES. 

The radical of these salts is obtained by the decomposition which tannic 
acid undergoes when exposed in a moist condition to the action of the air or 
to the influence of a fermenting body. It is said to occur in the vegetable 
kingdom. Recent researches have shown it to be a tribasic radical. 

The radical is remarkable on account of the behaviour of its hydrogen salt 
(gallic add) under the influence of heat : at a temperature of from 210° to 
215° C. it loses 1 eq. of carbonic anhydride, and is converted into jpyro- 
gallic acid, thus — 

gfdlic acid. pyrogallic acid. 

The latter body sublimes in flattened needles : it is remarkable for its great 
affinity for oxygen, which it absorbs (especially when in solution), either from 
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the atmosphere or from oxidizmg agents, with the greatest aridity, becoming 
brown and ultimately black. 

The Hydrogen Salt, or gallic acid (Hg, 0^ H, Og), is a solid body, crystal- 
lizing in silky needles, which haye no odour, but an astringent taste : 1 part 
dissolves in 100 parts of cold, or in 3 of boih'ng water ; it is very soluble in 
alcohol, but less so in ether. 

The gallates generally formed are those which have the formulss 

H^ M, C^ H3 O5 and HMj,, C^ H3 Oj ; 
those represented by Mg C^ H3 O5 are but rarely produced. 

The Potassium and Sodium Salts are soluble ; those of Babium, Stbok- 
TiuM, and Calcium are but slightly soluble in water. They all haye the 
general formula H^ M, C^ Hg O^. 

The Magkesium and Zinc Salts are white precipitates, of the formula 
HMs, C7 Hg Og, and yery slightly soluble in water. 

The Ferrous Salt does not appear to haye been obtained. 

The Ferric Salt is produced by the addition of a ferric salt to a solution 
of a gallate ; the liquid instantly becomes of a bluish black colour. If this 
liquid be boiled, it decolourizes with escape of carbonic add gas and forma- 
tion of a f err 0X18 salt 

The Copper, Mercurt, and Silver Salts appear to be unknown. 

The Lead Salt is produced by the action of a solution of acetate of lead 
upon a solution of gallic add, as a white predpitate having the composition 
HPbj, C^HgOg, with water of crystallization. It dissolves easily (when 
recentiy predpitated) in concentrated acetic add. Excess of this reagent is 
a perfect means of predpitating gaUic acid. 

This add-radical may be still further recognized by — 

a. Its rapid oxidation, with formation of a brown colouring matter, when 
an alkaline solution containing it is freely heated in contact with air. 

/3. It may be distinguished from tannic add by its not producing a pred- 
pitate in solution of gelatine, unless previously mixed with a solution of gum. 

SALTS OF THE TANNIC EADICAL, OK TAITNATES. 

Tannin or tcumic add is a name given to that large class of 
bodies which form the astringent principle in various parts of 
many plants. The individual add here to be described, as most 
commonly met with, is that to which the name of gallotannic 
acid has been given, from its occurrence in nutgalls, from which 
it is always extracted by the joint action of ether and water. 

The Hydrogen Salt, tannic or gallotannic acid (E^Q^'K^fi^^), 
is obtained as a white or slightly yellow spongy mass, gKstemng 
frequently from being an aggregation of crystals. It is very 
soluble in water, alcohol, or anhydrous ether. 
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The gaUotannates generally contain 2 eqs. of metal, but some- 
times 3 eqs. ; consequently their radical must be regarded as 
tribasic. 

The Potassium and Sodium Salts are very soluble in water. 

The Baeium Salt is white, almost insoluble in water. 

The Calcjium Salt dissolves in pure water. 

The Magnesium Salt is but slightly soluble. 

The Eehbous Salt is white and gelatinous, and sufficiently 
soluble in water not to be precipitated from dilute solutions. 

The Ferric Salt is produced by adding a ferric salt to a so- 
lution of a gallotannate : it is a bluish black precipitate. Its 
formula is probably Fe^HjCa^HigO^. 

The Zinc Salt is white. The Cupeic Salt is brownish yellow. 

The Silveb Salt is reddish brown. 

The Mebcueous Salt is yellow, and the Mebcubic Salt brick- 
red. 

The Lead Salt is white. Its composition is probably Pbg, 

This radical may also be recognized and distinguished from 
that of the gaUates by its property of precipitating gelatine : 
when an aqueous solution of gallotannic acid is mixed with an 
aqueous solution of gelatine, a fine filmy or gelatinous precipitate 
immediately forms. This is the reason of the employment of 
oak-bark, and other substances which contain these astringent 
principles, in the process of tanning. 

Of acid-radicals produced hy the union of carbon with nitrogen, 
hydrogen, and oocygen, one only needs description here, viz. the 
uric. 

SALTS OF THE UBIC BADICAL, OB UBATES. 

This radical is of animal origin : the chief source from which 
its salts BXQ prepared is the excrement of serpents, which consists 
almost wholly of urate of ammonium. This radical is bibasic. 

Uric acid and urates, when heated, in common with nearly 
all organic bodies containing nitrogen, evolve the odour of burn- 
ing feathers. 
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The Hydeogen Salt (HjCg N^ H^O, or H^ U), or uric acid, 
occurs in delicate white needles ; it dissolves very sparingly in 
cold water ; in sulphuric acid it is soluble, forming a brown solu- 
tion, fix)m which water reprecipitates the uric add. 

Urates, with the exception of the PoTAssruM and Soditjm Salts, 
are almost all insoluble in water : it is very remarkable that tttt; 
Ammontum Salt is extremely insoluble in water ; it is, however, 
dissolved by chloride or phosphate (Na^ HPO^) of sodium, the 
sodium salt being formed. 

The Calcium Salt is white; the Feebic Salt brown; the 
CuPEic Salt green; the Silveb Salt white, rapidly becomiog 
black if the liquid be heated ; the Meecttbic and the Lead Salts 
are white. 

The uric radical may be easily identified by the following pro- 
cesses of decomposition : — 

a. Uric acid, if heated alone, evolves the odour of burnt hair 
together with that of cyemide of ammonium, a carbonaceous re- 
sidue being left. 

/3. If uric acid or a urate be mixed with solid hydrate of po- 
tassium and heated in a narroiw tube, ammonia will be evolved, 
and cyanide or cyanate of potassium remain in the tube. The 
two latter products may be identified in the maimer already 
pointed out (pp. 338-341). 

y. If uric acid be dissolved in dilute nitric acid, the solution 
evaporated just to dryness in a porcelain dish, and a glass stopper 
moistened with strong ammonia water be held over the residue 
in the dish, the magnificent purple colour of mwrexide is pro- 
duced, which is quite characteristic. 
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TABLE OF REACTIONS. 



Salts. 


COs. 


CA. 


BoOa. 


SiO,. 


VafisOa* 


C4H4O,. 




(p. 320) 


(p. 323) 


(p. 326) 


(p. 329) 


(p. 348) 


(p. 354) 


Fotasdum ... 


— 


— 


— 


— 


— 


white 
wyst. 


Sodium 


— 


— 


— 


— 


— 


— 


Barium 


white 


white 


white 


white 




white 


Strontium ... 


white 


white 


white 


white 


— 


white 


Calcium 


white 


white 


white 


white 




white 


Magnesium .. 


white 


— 


white 
gelat. 


white 




— 


Ferrous 


greenish 
white 


yellow 


pale 
yellow 


greyish 
green 




green 


Ferric 


red 


yellow 

white 

pale 
blue 

white 


yellow 

white 

pale 
green 

white 


? 


red 




55inc r , t - - 


white 

blue 

white 


white 

greenish 
blue 

? 


solution 

white 
crystal. 


green 
white 


Cupric 

Silver 




Mercurous... 


— 


■ — 




white 


white 


white 


Mercuric ... 


white 


white 


— 


— 


— 


white 


Lead 


white 


white 


white 
flaky 


white 


— 


white 





In the Table which, immediately follows, as indeed in all 
similar Tables, reference must be made to the reactions for con- 
finnatory aad discriminatory tests. 
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Analysis of Suhdivision III. 

The acid-radicals of somewhat common occurrence only being 
included, the salt may be a CAEBONATE, OXALATE, BO- 
EATE, SILICATE, CYANOGEN-COMPOTHSTD, ACETATE, 
BENzoATE, sxTccnTATE, TAETEATE, CITEATE, gallate, TAN- 
NATE, or UEATE. 



Some of these acid-radicals may be satisfactorily detected by the addition 
of concentrated sulphuric acid to the soUd, or to its strong solution. The 
odours may, howeyer, be better detected by using dilute hydrochloric add, 
aided by a gentle heat. 

Immediate effervescence indicates a carbonate. 
Effervescence with odour of peach-blossoms indicates a cyanide. 
The sarne odour (of HCy) may indicate a ferro- or ferricyanide. 
An odour of vinegar (of HCgHgOo) indicates an acetate. 
Separation of crystals firom the solution may indicate a borate. 

„ yf with aromatic odour indicates a benzoate. 

„ „ with irritating vapour indicates a succinate. 

Blackening on warming, with odour of burnt sugar , indicates a tartrate. 

„ „ „ in a less degree mdic&tea a, dtralbe. 

Evolution of carbonic oxide gas without blackening indicates an oxalate. 



Further Anatysis. 

Carefully neutralize the solution with carbonate of sodium, then add 
one drop of hydrate of ammonium. Add solution of chloride of (^cium 
until no more precipitate is formed. 



A precipitate would indicate the presence of 

O, BoOj, SiOjj, orT. 
Wash thoroughly and divide into two parts. 



If no precipitate occurs, boil 
the solution for some minutes. 



I. 

Shake with 
cold solu- 
tion of 
hydrate of 
potassium; 
if the pre- 
cipitate 
dissolves, 
and is 
thrown 
down again 
on boilmg 
the solu- 
tion, 

T 

is indicated. 



IL 

If no solution takes place 
with I., add to the remainder 
of the precipitate acetic add, 
and warm. 



An un- 
dissolved 

residue 
indicates 

O. 



If it dissolves en- 
tirely, add hydro- 
chloiic add, and 
evaporate to perfect 
dimness. Kedis- 
solve in hydro- 
drochloric acid. 



A residue 

indicates 

SiO 



'2* 



If entirely 

dissolved, 

BoO 



IS 



indicated 



The 
forma- 
tion of 
a pre- 
dpitate 
indicates 

ICi, or 
perhaps 

SorCfy. 



If no predpitate is 
produced, add to the 
solution perchloride 
of iron. 



A pale red 

predpitate 

indicates 

BeorS. 

A bluish 

or greenish 

black 

indicates 

aorQt. 
A bright 
blue in- 
dicates 
Cfy. 



If no pre- 
dpitate, 
the solu- 
tion may 
be co- 
loured. 
A red 
colour 
indicates 

A or Csy. 
A ereen 

ouour 
indicates 

Cfdy 
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SUBDIYISION IV. 

SALTS OF NITROGEN, PHOSPHORUS, ARSENIC AND AN- 
TIMONY, AND OF THE CHIEF COMPOUND ACID- 
RADICALS INTO THE COMPOSITION OF WHICH THEY 
ENTER. 

The three latter memhers of this subdivision present a re- 
markable similarity in properties; nitrogen, although closely 
allied to them in many respects, exhibits, as we shall presently 
see, important differences, which may nevertheless be cleared 
away by future observations. In the preliminary observations 
made upon each section, we shall enter more into detail con- 
cerning the chemical peculiarities of the radicals considered, 
since, although not strictly important in an analytical point of 
view, their knowledge will be of extreme use and interest to the 
student. This subdivision is divided into two sections : — 

Section L— SALTS OF NITROGEN, PHOSPHORUS, ARSENIC, AND 

ANTIMONY. 

The nitrides, phosphides, arsenides, and antimonides. 

Section H.— SALTS OF THE ACID-RADICALS WHICH CONTAIN 
NITROGEN, PHOSPHORUS, ARSENIC, AND ANTIMONY 
COMBmSD WITH OXYGEN OR SULPHUR. 

The nitrites, nitrates, hypophosphites, phosphites, phosphates, 
arsenites, arseniates, antimoniates ; sulpharsenites, sulpharse- 
niates, and sulphantimoniates. 

Section I. — The nitrides, jphosphides, arsenides, and antimonides, 

SALTS OF NITROGEN, PHOSPHORUS,. ARSENIC, AND 

ANTIMONY. 

The elements considered in this group have the property of 
combining with many basic radicals, and are usually foimd to be 
triatomic, uniting with 3 equivalents of a monatomic molecule ; 
a few circumstances have, however, raised great obstacles to 
these combinations being considered truly saline. Their hydro- 
gen compounds, in the fiist place, are not possessed of manifestly 

e2 
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acid properties — they do not redden litmus; this may, never- 
theless, be accounted for by supposing that hydrogen, when com- 
bined in the proportion of 3 equivalents with the weak acid- 
radicals, nitrogen, phosphorus, or arsenic, forms a basic radical 
sufficiently powerful, in its counteraction, entirely to mask the 
acid properties of the nitrogen, phosphorus, or arsenic. These 
hydrogen compounds are also all gaseous bodies at common tem- 
peratures; this is a great barrier to the perfect investigation 
of the properties of a substance ; and, what is more perplexing, 
they all (and the compound KH3 in the most marked manner) 
have a tendency to unite with a fourth equivalent of hydrogen 
to form a compound base, which again combines with acid- 
radicals to form stable saline compounds. With regard to the 
compounds produced by the union of these acid-radicals directiy 
with metals, littie is known ; and (as might be readily conjectured 
from the fact that hydrogen saturates their acid tendency so 
completely) those are the most stable, in which the weaker basic 
radicals exist combined. 

SALTS OF NITROGEN, OB NITRIDES. 

These bodies have not been hitherto obtained by the action of ammonia 
(H3N) either as gas or in solution upon saline bodies at ordinary tempera- 
ratures ; the only method which has successfully resulted in their produc- 
tion is that of passing the dry gas (H3 N) oyer the heated metal, the mole- 
cules of which we desire to substitute for those of hydrogen in the body Hg N. 
This, as might be expected when the triatomic character of nitrogen is con- 
sidered, does not always result in the formation of the substance M3N ; but 
occasionally, as in the case of potassium, a compound is obtained, the for- 
mula of which represents a partial replacement. GDhe oliye-green substance 
which potassiimi yields when gently heated in ammonia gas, has the com- 
position H2 KN ; it is known as amide of potassium^ a name given by chemists 
who belieyed its constitution to be K(NH2), — ^NHj being a hypothetical 
acid-radical which they called amidogen. This body, when heated to red- 
ness in a close vessel, decomposes into nitride of potassium and nitride of 
hydrogen, with the consequent separation of the latter (ammonia) : 

3H2KN=K3N+2H3N. 
When, again, dry ammonia gas is passed over iron wire heated to redness in 
a tube for six or eight hours, a white brittle substance is obtained, the com- 
position of which nearly corresponds to the formula Fe^N^, that is, to a mix- 
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tare of equiyalents of nitzride and dinitride of iron; for FegN2=Pe3N+ 
(762)3 N: ^B ^^^^ ^^ analogue among the combinations of iron with other 
acid-radicals, although the probable existence of a disulphide of iron (^62)2 S 
or 7648, and the well-known tendency of iron salts of different series to 
combine together, removes the improbability of its existence. The di- or 
subnitride of copper may be made by heating the precipitated oxide in dry 
ammonia gas ; its formula is Cu^N, that is, (00^)3 N. Mercuric nitride is 
similarly produced ; it is a brown powder having the composition Hgg N, 
which explodes with great violence when struck or heated. 

The HrofioeEK Compound of nitrogen (H3 N), or ammonia, is 
almost always found in combination or union with water: its 
great source is the decomposition of nitrogenized organic matters ; 
any such compounds, when heated with the hydrates of potas- 
sium or calcium, yield the whole of their nitrogen in the form 
of ammonia. The analogous compounds of phosphorus, arsenic, 
and antimony will be seen to be produced by the action of 
nascent hydrogen upon the element under experiment. This is 
not the case when the same agent meets with already eliminated 
nitrogen ; the gaseous condition of the latter body is, however, 
perhaps unfavourable to the success of the reaction. The gas 
ammonia has a very pungent odour, but is not corrosive ; it is 
slightly combustible, burning when a candle is applied to it, but 
the combustion ceasing upon the removal of the ignited body : 
when intensely heated it decomposes into its elements. It may 
be condensed to the liquid and even to the solid state by cold 
and pressure. The solid is colourless and crystalline, and melts 
at —75° C. : the liquid is colourless and very mobile, of specific 
gravity 0*76 ; it boils at —33*^-7 C. at about the ordinary pressure 
(0'7493°*). The gas is absorbed by water with the greatest 
rapidity ; and, according to Ure, when the specific gravity of the 
solution is 0*8914 it holds 27*94 per cent, of H3 N in solution. 

No decomposition with formation of nitrides takes place when ammonia 
gas is passed into saline solutions, or when its aqueous solution is added to 
them : this may, perhaps, be accounted for by the change which is very 
generally believed to occur whenever H3N meets with Hj,0, and which 
certainly takes place when it meets with more powerful acids — ^namely, its 
direct union with the acid, and formation of the corresponding salt of the 
basic radical ammonium : 

H,N+H^O=NH^HO ; HgN-f HCl=NH,a 
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SALTS OF PHOSPHORUS, OR PH08PHIDBS. 

These are more numerous than the analogous oompounds of nitrogen, and 
may be more readily obtained by reason of the occurrence of phosphorus in 
the solid, liquid, and gaseous forms within a oonyenient range of temperature, 
which is a circumstance most fayourable for a full inyestigation of the chemical 
properties of a body. The phosphides may be produced similarly with the 
nitrides; but some are also formed by the action of phosphuretted hydrogen, 
H3 P (the ammonia of this series), upon saline solutions. The potassium salt 
is formed when its components are gently heated in an atmosphere of nitrogen ; 
it is a substance of a chocolate-brown colour. The calcium salt is produced, 
together with hypophosphite of calcium, when the vapour of phosphorus acts 
on lime (Oa^ O). Others, again, as the phosphides of iron, copper, and lead, 
are prepared by throwing phosphorus on the melted or red-hot metal, or by 
igniting the filings of the metal with glacial phoaphoric acid (HPO3). These 
compounds may also be formed by heating the metal in the gas H, F ; and 
in some cases, by the passage of that gas through the aqueous solution of the 
metallic salt, the phosphide is slowly formed : thus cupric salts yield black 
phosphide of copper (Cu^ P), mercuric salts a whitish yellow precipitate of 
a basic salt, and lead salts a brown precipitate. One thhig is to be remarked 
in the phosphides, yiz. that two distinct series of them are known, in one of 
which phosphorus plays the part of a bibasic, in the other of a tribasic 
radical ; thus we have two series of salts : — 

Ferroiu. Ferric* Cuprous. Cupric. 

Bibasic Ca^P (FeJ^P — — Ou^P 

Tribasic — — (Fea)3P (Ou2)3P CugP. 

It is interesting to know that whilst the majority, if not all, of the tribasic 
phosphides are produced by the vapour of a phosphorus (ordinary phos- 
phorus, see p. 34) upon metals, the bibasic cupric phosphide (Ou^P) is 
obtained by the reducing action of hydrogen gas at a high temperature upon 
the bibasic cupric phosphate (Cu^P^O^): it may be, that in the bibasic 
phosphides the (3 variety of phosphorus occurs. 

The Hydeogen CoMPOinn) (H3 P), or phosphuretted hydrogen, 
is usually obtained by the action of solution of hydrate of potas- 
sium upon phosphorus, or by the decomposing influence which 
water exerts upon the calcium salt (Caj, P) ; it is not obtained by 
the action of nascent hydrogen on solid phosphorus. As usually 
prepared, it is spontaneously inflammable in the air. In addi- 
tion to this gaseous body, there is another which is liquid, 
having the composition H^ P : this latter it is which is said to 
result from the action of water or other acids on the phosphide 
of calcium (Ca^ P) ; but by the agency of light it almost imme- 
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diately splits up into the gas H3 P, and a yellowish solid body, 
insoluble in water, which has the formula HP^i this decom- 
position is as follows : — j<^ 

5H,P=HP,+3H3P. 
The liquid H^P possesses an intense spontaneous inflamma- 
bility in the air ; and the presence of a small portion of it is said 
to impart its inflammability to the gas H3 P, which is prepared 
from the phosphide of calcium : this is by no means improbable, 
since, when mixed with any combustible gas, it renders it spon- 
taneously inflammable when exposed to the air. The gas H3 P 
is very slightly absorbed by water, but sufficiently so to impart 
to it a disagreeable smell and taste. The liquid BL, P is inso- 
luble in water. 

Solutions of Manganese, Zinc, or Ieon Salts are not precipi- 
tated by solution of phosphuretted hydrogen ; but this liquid does 
precipitate solutions of the salts of Coppee, Silvee, Meecubt, Lead, 
and Gold. 

SALTS OF ABSENIC, OB ARSENIDES. 

These also are both a numerous and important class of salts, although 
they haye not yet been much studied ; together with the phosphides, sili- 
cides and other similar compounds, they are of the utmost importance 
to the metallurgist, since their presence in minute quantity so much af- 
fects the character of the metals he produces. Arsenic occurs firequently 
combined with metals in nature; and these compounds begin to partake 
more of the characters of metallic alloys than those preyiously mentioned. 
The arsenides may be produced artificially, just as the phosphides — 
namely, by heating the acid-radical itself or its oxygen compound As, Og^ 
with the metal, — ^by heating the metal under experiment with the gaseous 
hydrogen compound H3 As, or by passing the latter into solutions of some 
metallic salts. The constitution of the arsenides Taries erven, more than that 
of the phosphides ; and they may be grouped into three series, in which a 
molecule of arsenic of the same atomic weight plays the part of a monobasic, a 
bibasic, or a tribasic radical respectiyely. Our surprise at such peculiarities 
is preyented by the remarkable instances of allotropy occurring among the 
elements, and of isomerism and polymerism among compound bodies. A 
few examples of arsenides may be giyen, the whole of which here quoted 
occur as minerals in nature— 

Ferrous. Cuproua. Cupric. 

Monobasic — FeAs NiAs — — 

Bibasic Mn^As — NijAs (Cu2)2As — 

Tribasic — — Nig As — CugAs. 
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The compound aoid-radioals into the composition of which arsenic enters 
retain this variable basicity, just as the well known and inyestigated com- 
pound acid-radicals containing phosphorus. 

The Htdbooek Cokbottstd (H, As), or arseniuretted hydrogen, 
has been abeady spoken of at some length (p. 211) ; we will, 
however, here recapitulate its leading properties and characters. 

It is produced when an alkaline arsenide is dissolved in water, 
or the arsenide of a metal insoluble in water is dissolved in an 
acid ; it is formed most commonly by acting with nascent hy- 
drogen upon one of the oxygen compounds of arsenic. It is a 
colourless gas, of which the composition is H, As ; it possesses a 
very offensive and peculiar odour, and is excessively poisonous 
when inhaled. The gas does not redden litmus. At a tem- 
perature of — 40*^ C. it condenses to a colourless liquid ; but it 
has not yet been solidified. Its specific gravity is 2*695 ; water 
dissolves one-fifth of its volume ; and the solution darkens solu- 
tions of many metallic salts. When heated, this gas is resolved 
into its elements, hydrogen and arsenic; and when a light 
is applied to it in contact with the air, it bums with a bluish 
white flame, forming the oxide of arsenic (As^Oj) and water: 
if sufficient air is not present for the oxidation of the arsenic, 
the latter is deposited upon the sides of the containing vessel 
as a metallic film ; and the same end may be compassed by de- 
pressing a cold porcelain surface upon a jet of the burning gas. 
These features have already been spoken of as tests for arsenic 
(p. 212). 

In the decomposition of arsenide of potassium by water, a 
solid arseniuretted hydrogen is formed, which presents itself as a 
brown powder. Its formula appears to be Hj, As. 

The salts of the two first subdivisions of basic radicals are 
not precipitated by the passage of arseniuretted hydrogen gas 
through their solutions ; those of iron also are not precipitated ; 
those of Manganese, Zinc, and Tin are very slowly decomposed ; 
but most salts of the fourth subdivision are precipitated, some 
in the form of arsenides, as Coppee and Platinxtm, whilst in 
other cases, as in those of Silveb and Gold, the metal is thrown 
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down, and axsenious oxide formed, which remains in solution, — - 
thus, when this gas is passed into nitrate of silver — 

12AgN03+2H3As+5H,0=12HN03+12Ag+H,As,0,. 
Org£tnic acid-radicals have some influence in preventing this 
precipitation, as is shown in the instances of the acetate of lead 
and of the tartrate of antimonyle and potassium (tartar-emetic) 
which are not acted upon by arseniuretted hydrogen. 

SALTS OP ANTIMONY, OE ANTIMONrDES. 

The body antimony, as has been already stated, partakes 
almost more of the characters of a basic than of those of an acid- 
radical, and in its combinations with metals it produces bodies 
which far more nearly resemble alloys (or combinations of metals 
with each other) than true saline bodies, in which no physical 
characteristics of the basic or acid-elements are perceptible. It is 
thus not an easy matter to obtain definite compounds, upon the 
formulae of which an opinion may be safely pronounced. 

The HrDEOGEN Compound (H3 Sb), or antimoniuretted hydro- 
gen, is a very well defined body : it has been fully treated of at 
p. 200, and need be here but slightiy noticed. It is obtained 
by the action of water on the antimonide of potassium, or by the 
action of nascent hydrogen on solutions of antimony salts. It 
is a gas which closely resembles H3 As ; its composition is H3 Sb : 
when ignited it bums with formation of antimonious oxide 
(SbjOg) and water; and if a cold porcelain surface be depressed 
upon the flame, a metallic spot is obtained : it is decomposed by 
a temperature below redness, into its elements antimony and 
hydrogen. This gas is not sensibly absorbed by water. A solid 
antimonide of hydrogen is also known. 

When passed into alcoholic solutions of alkaline hydrates, a 
dark colour is produced, and, finally, brownish black flakes sepa- 
rate : this peculiarity distinguishes it from arseniuretted hydrogen. 
Solutions of salts of coppee, silveb, meectjey, and platinitm are 
precipitated by it more or less readily, with formation of bodies 
of the formula M3 Sb, thus — 

3AgN03+H3 Sb=3HN03+ Ag3 Sb. 

e5 
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Sectiok II. — The nitrites, nitrates, hypophosphites, phospkUes, 
phosphates, arsenites, arseniates, antimoniates ; sulpharsemtes, 
suipharseniates, sulphantvmoniates, 

SALTS OP THE ACID-RADICALS WHICH CONTAIN NITEOaEN, 
PHOSPHORUS, ARSENIC, AND ANTIMONY COMBINED 
WITH OXYGEN OR SULPHUR. 

Of acid^radicals containing nitrogen combined with oxygen, 
two only are of suffident importance to demand attention ; 
these are the nitrous and the nitric radicals (NO, and NO3) : 
several other compounds of nitrogen and oxygen exist, but are of 
trivial importance in an analytical point of view. 

SALTS OF THE irrrBOTTS BADICAL, OS ITITBITES. 

This radical is usually obtained in combination with potas- 
sium by heating the nitrate of potassium (KNO3) in a crucible, 
by which means the nitrite (EINO2) and oxygen are produced. 
Nitrites detonate when heated with combustible bodies; they 
are either colourless or yellow, and generally crystallizable : the 
nitrite of silver is almost the only insoluble salt. This radical 
appears to have the property of assuming oxygen and trans- 
forming itself into monobasic, bibasio, and tribasic radicals, 
after the manner of the phosphoric add-radical. 

The Htdeogen Salt (HNOg), or nitrous acid, is known only 
in solution in water, forming a blue liquid ; its anhydride (NjOa) 
is obtained as a gas when 1 part of starch is heated with 8 jiarts 
of nitric acid of specific gravity 1*25 : if the vapour is first dried 
by chloride of calcium, and then passed through a tube cooled to 
—20° C, a very volatile liquid is obtained, green at the ordinary 
temperature, but colourless when exposed to extreme cold ; the 
vapour of this body is yellowish red. 

The Potassium, Sodixtm, Babitjh, STKONrnm, Calcium, Mag- 
STEsiTJM, Ikon, and Coppee Salts of this radical are soluble. 

The Silver Salt is obtained by adding nitrate of silver to a 
soluble nitrite (as the potassium salt) ; it is a yellowish white 
crystalline precipitate, the formula of which is probably AgNO,. 
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It requires 300 parts of cold water for its solution, but is more 
soluble in hot water ; and from its hot solution it crystallizes on 
cooling. It is insoluble in alcohol. 

The Meechric Salts are of doubtful existence ; and the Lead 
Salt is soluble. 

This radical is also detected by the following experiments : — 

a. By its liberation, even by weak acids (as acetic acid), in 
the form of the hydrogen compound, and the instantaneous de- 
composition of the latter, with formation of nitric oxide gas, 
which reddens on contact with air. 

p. By the addition of a solution of ferrous sulphate and sul- 
phuric acid to the solution of a nitrite, a deep red liquid is ob- 
tained. 

y. Nitrites, when added to solutions of auric chloride or mer- 
curous nitrate, cause the precipitation of gold or mercury ; from 
solutions of manganous or ferrous salts, they precipitate manganic 
or ferric hydrate. 

h. When to a solution containing pure sulphuric acid, iodide 
of potassium, and starch, a minute portion of a nitrite is added, 
the ch£u:ucteristic blue iodide of starch is at once produced. 

SALTS OF THE NITBIC EADICAL, OB NITBATES. 

The abundant forms in which this radical occurs are its potas- 
sium, sodium, and calcium salts; they are produced whenever 
nitrogenized organic matter is allowed to decompose in the 
presence of the hydrates of those basic radicals. Nitrates in 
general have a peculiar cooling taste ; they are all decomposed 
at a red heat : some, as the alkaline nitrates, yield nitrites in the 
first place ; but ultimately all are converted into oxides, with evo- 
lution of nitrogen and oxygen. Nitrate of ammonium (NH^NOg) 
undergoes a peculiar decomposition under these circumstances, 
water and the gas called nitrous oxide (N^O) or laughing-gas 

being formed : 

NB[,N03=2H,0+N,0. 

Nitrates when fiised on charcoal deflagrate, their oxygen 
uniting with the carbon, to form carbonic add gas, which then 
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takes oxygen, and converts the metal into a carbonate, if that salt 
is capable of withstanding the temperature to which it is exposed. 
When heated before the blowpipe with carbon and sulphur, with 
carbon and phosphorus, or with cyanide of potassium, a very 
violent and dangerous detonation ensues. 

The Htdbooen Compoukd (HNO3), or nitric acid, is an exceed- 
ingly corrosive liquid, and forms a most powerftd. solvent for 
metals, by reason of its ready decomposabihty. When acting as 
a solvent, however, it differs from most acids hitherto considered, 
which simply part with their hydrogen and receive the replacing 
molecule of metal : nitric add undergoes a more radical change ; 
for so comparatively feeble is the affinity which the nitrogen has 
for its 3 equivalents of oxygen, that the hydrogen of the acid in 
escaping decomposes a part of the acid-radical with the forma- 
tion of water and the evolution of one of the gaseous lower 
oxides of nitrogen. Thus, when it acts upon copper — 

8HNO3 + 6Cu= 6CUNO3 + N,0, + 4H,0. 

nitric oxide. 

This property it is which imparts such a peculiar energy to the 
mixture of nitric and hydrochloric acids known by the names 
nitrohydrochloric acid and aqua regia : the oxygen of the nitric 
radical unites with the hydrogen of the hydrochloric acid ; and 
among other products of decomposition, chlorine is set free, and, 
like aU other nascent elements, exerts upon the body submitted 
to its action the most powerful effect : 

2HN03+2HC1=2H,0+N,0,-|-2C1. 
In this way it is that this mixture of acids will dissolve the 
precious metals gold and platiuum, which are attacked by chlo- 
rine, although not affected by either hydrochloric or nitric adds 
separately. The same reaction of course takes place when either 
hydrochloric acid is added in excess to a nitrate, or nitric add 
in excess to a chloride ; for 

2MNO3+4HCI =2MC1 +2H,0+N,0,+2C1 
or 2MC1 +4HN03=2MN034-2H,0+N,0,+2C1 ; 
and it should be remembered that we always have it in our 
power to convert one of these salts into the other by adding 
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excess of the add which we wish to retain, since the other, be- 
coming decomposed into gaseous constituents, may be entirely 
removed by warming the solution. 

The nitric acid usually called "fuming** is generally red 
from the presence of N^O^, one of the products of its decom- 
position : its specific gravity is 1-536 ; and it solidifies at —49° C. 
to a very dark red mass. 

All nitrates are soluble in water; and therefore this radical 
cannot be recognized by the formation of any insoluble salts. 
It may, however, be identified by other processes : — 
a. By setting free the hydrogen compound (nitric add) by 
the addition of concentrated sulphuric acid to a nitrate, and sub- 
jecting it to the immediate action of copper turnings, which must 
be added simultaneously with the sulphuric acid, decomposition 
of the nitric acid ensues, with disengagement of nitric oxide 
gas (NjjOa). The latter is recognized by being itself colourless 
but capable of acquiring a peculiar brownish red colour by mix- 
ture with air ; it absorbs the atmospheric oxygen, and is con- 
verted into nitrous and hyponitric anhydrides (]^fi^ and ^2^4)' 
/3. When nitric acid is produced from a nitrate by the action 
of concentrated sulphuric acid, the mixture cooled by immersion 
of the test-tube containing it in cold water, a crystal of ferrous 
sulphate added, and the whole allowed to rest, a dark halo is 
observed to form around the crystal, which, upon the application 
of heat, disappears with a kind of effervescence. This is due to 
the formation of a very singular combination of ferrous sulphate 
and nitric oxide having the formula 4re2S0^, NaOj,: heat de- 
composes this combination. The cause of its production is the 
decomposition of a portion of the nitric acid consequent upon the 
passage of the ferrous into the ferric salt, thus — 

lOFe, S0,-h4H, S0,+2KN03=3(re,),(S0,)3+K, SO, 

-h4re,S0„N,0,+4H,0. 

brown oompound. 

y. The nitrates do not reduce gold or mercurous salts; but 
when mixed with hydrochloric acid, they acquire the power of 
dissolving gold leaf. 
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3. Upon adding to a nitrate sulphuric acid and sulphindigotic 
add, the colour of the latter is destroyed. 

Of (he add-radicals containing phosphorus combined with occy- 
gen, those existing in the phosphites and phosphates are of great 
analytical importance. The hypophosphites are rare. 

SALTS OF THE HTP0PH0SPH0B0U8 RADICAL, OB HTP0PH0BPHITB8. 

This add-radical is of rare oocurrenoe, being only produced by artificial 
means. It is obtained in the decomposition of phosphide of barium by 
water, or by boiling phosphorus with an alcohoUo solution of hydrate of 
potassium, or with the aqueous solutions of hydrate of barium or calcium, 
until it disappears, and the vapour has no longer the odour of phosphuretted 
hydrogen. The phosphuretted hydrogen eyolved during the process fire- 
quentiy causes dangerous explosions, which may be moderated by employing 
only a gentie heat. The bariiun or calcium salts thus obtained (B&E^FOj 
or CaHjPOj) are very crjstallizable. 

The Ktdbogen Salt (Hg POg), or hypophosphorous acid, is a viscid, un- 
crjstallizable, very acid liquid, which when heated decomposes into phos- 
phuretted hydrogen and phosphoric acid, thus — ^2H3p02=H3P-f H3PO4. 
Although hypophosphorous acid is thus tribasic, one series of salts only is 
knovm, namely, the series of acid salts represented by the general formula 
MHgPO.^; they generally occur with water of crystallization, and are all 
soluble in water, and many of them also in alcohol. 

This radical may nevertheless be recognized by several processes of de- 
composition : — 

a. When any dry hypophosphite is rather gentiy heated in a test-tube, 
decomposition of its radical occurs; phosphuretted hydrogen is evolved, 
which may be recognized by its odour and ready inflammabihty ; and a py- 
rophosphate of the metal remains behind. The lead salt exhiMts this de- 
composition best : 

pyrophosphate. 

/3. When mixed with an acid, hypophosphites reduce silver and gold salts, 
precipitating silver and gold ; they also reduce mercuric and cuprio salts. 
The same reactions take place more slowly with concentrated solutions of 
hypophosphites. 

y. When boiled with excess of hydrate of potassium, alkaline hypophos- 
phites evolve pure hydrogen gas : 

KH,PO,+2KHO=K,PO,+4H. 
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SALTS OP THE PHOSPHOEOUS BADICAL, OB PHOSPHITES. 

This acid-radical is obtained in combination with hydrogen 
by the decomposition of terchloride of phosphorus (PCI3) by 
water, or by the slow oxidation of phosphorus in the air. 

The HmEOGEN Salt (H3 PO3 ?), or phosphorous acid, is known 
in the liquid and also in the crystallized state ; when heated, it 
decomposes, thus- ^ 

4H3P0,=3H3P0,+H,P. 

The Alkaline Phosphites are soluble in water ; most other 
salts are insoluble or nearly so. The acid salts of the formula 
MHj PO3 are soluble in water ; the acid salts having the com- 
position M2HPO3 are less so, whilst the neutral phosphites 
M3 PO3 are insoluble. 

The Barium: and Calctum Salts are slowly precipitated by the 
addition of alkaline phosphites to soluble barium or calcium salts, 
as white precipitates having the formula M^ HPO3 : by boiling, 
the precipitation is accelerated ; but the precipitate which then 
falls is Mg POg, — WQ.^ PO3 (the acid salt) remaining in solution. 
They are soluble in most acids, and by nitric acid are converted 
into phosphates. 

The Magitesittm Salt is not precipitated when a diltite' solution 
of a magnesium salt is added to a soluble phosphite in the pre- 
sence of the chloride and hydrate of ammonium. 

The Ferbous Salt is white, changing to red basic ferric phos- 
phate. The Ferric Salt is white. 

The Zinc Salt is soluble. 

The Citpric Salt is blue. 

The Mercurous, Mercuric, and Silver Salts do not exist. 

The Lead Salt is white. 

This radical may also be recognized as follows : — 

a. The majority of the phosphites do not evolve phosphuretted 
hydrogen, but pure hydrogen slightly contaminated with it, 
when the dry salts are heated. The lead salt is an exception. 

2Ba,HP03+H,0=Ba, ^fi.-^m. 



376 CHEMICAL BSACTtOKS. 

/3. Soluble phosphites reduce solutions of cupric, silver, mer- 
curic, or gold salts, and precipitate the metal. This takes place 
especially on boiling. 

y . Phosphites, when boiled with excess of hydrate of potassium, 
are not altered, nor does any evolution of hydrogen occur. 

SALTS OF tSK PHOSPHOBIC EADICAL, OB PHOSPHATES. 

The phosphates occur somewhat abundantly in nature ; they 
are found distributed in small quantities through the mineral 
and vegetable kingdoms, whence they pass into the bodies of 
animals, to which they are absolutely essential for the formation 
and renewal of their skeleton. 

The Hydbogen Salt (H, PO^), or phosphoric acid, is produced 
by the decomposition of these, or by the solution of phosphoric 
anhydride (the body PjOj, which is the white crystalline solid 
obtained when phosphorus is burnt in oxygen or air) in water. 
The substance P^Oj, when combining with water, produces three 
distinct acids, thus — 

PjjOj-fHjO =2B[P03, meta- or monobasic phosphoric acid. 

P,0g-|-2Hj0=H^Pj07 pyro- or bibasio phosphoric acid. 

F^0^-^SB.^0=^2R^T0^y ordinary or tribasic phosphoric add. 
These are each the representative of three distinct classes of 
salts, called respectively the metaphosphates, pyrophosphates, and 
phosphates, or the mono-, bi-, and ordinary phosphates : whether 
in these the three allotropic varieties of phosphorus exist, we do 
not know; but they singulcu'ly correspond to the two classes 
of phosphides previously mentioned (p. 366). The phosphates 
which ordinarily occur in nature are the tribasic phosphates. 
When the anhydride P^O^ is dissolved in abundance of water, 
and the solution heated, the latter of these acids is produced ; 
but if the phosphoric anhydride be allowed to dissolve in cold 
water, the second is obtained, — ^whilst, again, if the aqueous solu- 
tion of either add be evaporated in a platinum dish until water 
no longer is expelled, the residue solidifies on cooling into a 
glassy substance, which is called " glacial" phosphoric acid, and 
which is in reality HPO3, or the monobasic acid. This will 
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volatilize altogether at a red heat. The solution of the ordinary 
acid (H3 PO4) may be evaporated without decomposition up to a 
temperature of 149° C, vrhen it becomes of a syrupy consistence ; 
between that temperature and 213° C. it loses the elements of 
water, and is converted into pyrophosphoric acid ; and if cooled 
from that point, it solidifies in the form of a soft glass, or in 
small granular crystals ; if heated further, it again loses the ele- 
ments of water, and is converted into the monobasic add, as has 
before been stated. 

Many phosphates behave in a characteristic manner when 
heated, owing to their peculiar constitution : thus with the tri- 
basic radical PO^, which forms the three series of salts, 

MH,PO^ M,HPO, M3PO,. 

acid salt. add salt. neutral salt. 

If heat is applied to the second of these acid salts, it decomposes 
into water and a neutral pyro- or bibasic phosphate, thus — 

2M,HP0,=:M,P,0,+H,0 : 

and again, if the first acid salt be heated, water is again obtained 
and a meta- or monobasic phosphate ; for 

MH,P0,=MP03+H,0. 

The pyrophosphates exhibit similar features. Notwithstanding, 
however, that the acid salts of the various phosphoric radicals are 
thus unstable, all neutral salts are but little affected by heat : 
the generality fuse to a glassy mass, and yield to few decompos- 
ing agents except carbon, which, at a high temperature, removes 
the oxygen from most phosphates except those of potassium and 
sodium, and eliminates the phosphorus, which then distils and is 
suitably collected. (See p. 33.) 

Of neutral phosphates, those of the first subdivision are almost 
the only soluble ones ; many of the acid phosphates, especially 
those of the formula MH, PO^, ai'e soluble in water ; most are 
soluble in acids. 

The Bashtm, Stkontittm, and CAiicnrM Salts are white preci- 
pitates of the formula Mj HPO^ when produced by the action of 
ordinary phosphate of sodium (Na^ HPO^). They are soluble in 
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chloride of ammonium, insoluble in water, but soluble in adds, 
even in acetic. 

The neatral meta- and pyrophosphates of barium are insoluble in chloride 
of ammonium, or water, and the latter also in acetic add. The same salts 
of strontium are insoluble in water, and the former also in adds, the latter 
in acetic add. The metaphosphate of caldum is a white yiscous predpitate ; 
and the pyrophosphate does not dissolve in acetic add. 

The Magitesidic Salt is formed but slowly by the addition of 
a salt of magnesium alone to a soluble phosphate — ^the predpitate 
under such circumstances has the formula Mg^ HPO^ ; if, how- 
ever, chloride of ammonium and ammonia have been previously 
added, the subsequent mixture with a magnesium salt gives rise 
to an immediate crystalline precipitate, which forms more rapidly 
on stirring : its formula is Mgj, NH^ PO^. 

It is soluble in 7548 parts of chloride of ammonium, in 44,330 

parts of hydrate of ammonium, and in 15,627 parts of chloride 

of anmioniimi solution containing hydrate of ammonium. It is 

insoluble in water which contains any phosphate in solution, but 

dissolves in 15,293 parts of pure water, from which it may be 

precipitated by the addition of ammonia. It dissolves in acids. 

The meta- and pyrophosphates are scarcely produced except in the pre- 
sence of hydrate of ammonium. 

The Fekroxjs phosphate and pyrophosphate are white. 

The Ferric Salt is white ; its formula is uncertain. It is in- 
soluble in ammoniimi salts, except the carbonate and sulphite, 
and it dissolves also in hydrate of ammonium in the presence 
of phosphate of sodium. It partially dissolves in carbonate of 
sodium. It is soluble in 1500 parts of water, and is easily dis-: 
solved by dilute acids, even by sulphurous, but not by cold acetic 
acid. 

The metaphosphate is white, insoluble in water or dilute adds, but soluble 
in strong sulphuric acid. 

The pyrophosphate is white, and is soluble in hydrate or carbonate of 
ammonium or in phosphate of sodium ; it is insoluble in chloride of ammo- 
nium, and in hydrochloric or sulphurous adds. 

The Zinc Salt is a gelatinous predpitate which becomes cry- 
stalline on standing. It formula is Zn^ PO^. It dissolves in the 
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hydrate and most ammonium salts^ is insoluble in water, but 
soluble in acids. 

The metaphosphate is soluble m water. The pyrophosphate is white, 
soluble in ammonia, but insoluble in water. 

The Ctjpkic Salt is bluish green ; of the formula Cuj HPO^, 
slightly soluble in ammoniimi salts, insoluble in water, but soluble 
in acids. 

The metaphosphate is bluish white, insoluble in water or in dilute acids, 
but soluble in strong sulphuric acid. The pyrophosphate (Cu^P^Oy) is 
greenish white, soluble in ammonia, phosphate of sodium, and acids. 

The Argentic or Silver Salt is yellow. 

Its formula is Agg PO^. 

It dissolves easily in the hydrate or carbonate of ammonium, 
but less so in other ammonium salts ; it is insoluble in water, 
but soluble in most acids. 

The metaphosphate is white, decomposed by water, soluble in nitric acid. 
The pyrophosphate is white, of the formula Ag^P^O^, soluble in hydrate 
of ammonium, insoluble in water or acetic acid, soluble in nitric acid, which, 
by boiling, converts it into the ordinary phosphate (Agg PO^). 

The Meecueous Salt is white, of the composition (Hgjj)^ ^a^r* 
insoluble in water and in many acids. By some adds it is de- 
composed. 

The pyrophosphate is white, and is decomposable by hydrochloric acid. 

The Mekcuric Salt is white, it appears to be the pyrophos- 
phate (Hg^P^O^). It dissolves in many ammoniimi salts, but 
very slightly in the hydrate. It is insoluble in water, but soluble 
in many acids. 

The Lead Salt is white, and variable in composition, being 
sometimes Pbj, HPO^, and at other times Pbg PO^. It dissolves 
in hydrate of potassium or chloride of ammonium, is insoluble in 
water or acetic acid, but soluble in nitric acid. This salt ex- 
hibits a great peculiarity: when heated on charcoa before the 
blowpipe even the inner flame fails for some time to reduce it ; 
and upon removal from the flame, the colourless and transparent 
bead becomes opaque and crystalline on cooling ; the crystalline 
form is the dodecahedron. 
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The xnetaphosphate is white, insoluble in ammonia. The pyrophoephate 
(Pb^FjO^) is white, soluble in hydrate of potassium or pyrophosphate of 
sodium, insoluble in hydrate of anmionium and in many adds, but soluble 
in nitric add. 

Other means of proving the existence of this radical are want- 
ing, owing to its great stability; it may, however, be recog- 
nized by adding to the nitric solution of a phosphate (an alkaline 
phosphate is the best) some molybdate of ammonium (KE^ MoOj,), 
evaporating to dryness, and just redissolving in nitric acid: a 
yellow crystalline residvte is an evidence of the presence of a 
phosphate. 

Of acid-radicals containing arsenic and oojygen, two only are 
known, those occurring in the arsenites and arseniates. 

SALTS OF THE ABSEKIOUS BABICAL, OB ABSEIOTES. 

The arsenites are considered bibasic, and have the general for- 
mula M^ ASjOj ; they are sometimes colourless, but occasionally of 
beautiful colours. Most arsenites, when heated alone, decompose 
and leave the oxide of the basic radical, whilst the anhydride 
(As^Og) volatiles ; some, as the alkaline arsenites, decompose into 
an arseniate and arsenic. 

The Htdeogen Salt (H^ABjO^) is unknown; for when its 
supposed aqueous or acid solution is evaporated, the arsenious an- 
hydride (ASgOj) crystallizes out. 

The Alkalute Aesenites are soluble in water ; but most others 
are insoluble, although dissolved by acids and frequently by 
ammonium salts. 

The Babium and SrEoimTrM Salts are predpitated only after 
being allowed to rest for some time. 

The CALCirM Salt is precipitated immediately on Tni-ging a 
soluble arsenite, or arsenious acid, with excess of the hydrate or 
other salt of calcium. It is a white precipitate. 

Dried in the air, its composition is Ca^ As^Og-haq. 

It dissolves in ammonium salts, but is only slightly soluble in 
water ; in dilute acids, and even in an aqueous solution of arse- 
nious acid, it is soluble. 
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The MAaNEsruK and Znfc Salts are scarcely known. 

The Cnpric Salt is bright green. Its formula is Cu^ As^O^ ; it 
dissolves in ammonium salts and in acids. 

The Argentic or Silver Salt is lemon-yellow, of the formula 
Ag^ As^Og. It dissolves ia ammonium salts and in acids. 

The Meectjeous, Meecueic, and Lead Salts are white preci- 
pitatesy insoluble in ammonium salts, but soluble in nitric acid. 

In addition to these means of detection, this radical may be 
recognized by other methods, previously detailed (p. 209), but 
which may be here briefly recapitulated : — 

a. By heating the ai'senite in a bulb-tube with carbonate of 
sodium or charcoal, and observing the arsenical mirror. 

/3. By the action of nascent hydrogen, which produces the gas 
H3 As, by the subsequent decomposition of which the arsenical 
mirror may also be obtained. 

y. By the action of hydrosulphuric add gas, which, when 
passed through the hydrochloric solution of aa arsenite, yields 
the arsenious sulphide, which may be further tested by the me- 
thod of Fresenius and Von Babo (p. 213). 

SALTS OF THE AESENIC EADICAL, OE AESEITIATBS. 

The arseniates axe tribasic, and bear a great resemblance to 
the phosphates ; they are produced by the action of nitric acid 
or other oxidiziug agents on arsenious anhydride or arsenites. 
The arseniates when heated are not so prone to decompose as 
the arsenites. 

The Htdeogen Salt (H3 AsO^ ?) is known ; it occurs in large 
crystals. By heating this body to fiision, a glassy substance, ar- 
senic anhydride ( Asg 0^), is obtained. 

The Alkaline AesenlAlTes are soluble ; most others are in- 
soluble. 

The BARnjM, Steonttdm, Calctum, and Maonesixtm Salts are 
white, insoluble in water, but soluble in acids. 

The Zin^c Salt is similar. 

The Citpeic Salt is bluish green, insoluble in water, but 
soluble in ammonia water and in the stronger acids. 
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The Argentic or Silver Salt is dark brick-red ; its formula is 
AggAsO^; it is insoluble in water, but soluble in ammonium 
salts and in many adds. 

The Mebcuboits Salt is white, changing to a fine red, a double 
salt being at first precipitated. Its composition is (H.g^\ HAsO^ 
+aq. It is insoluble in most ammonium salts and in water, but 
soluble in nitric acid. 

The Mebctjeic Salt is yellow, soluble in nitric and arsenic 
acids. 

The Lead Salt is white, of the formula Pbj AsO^, insoluble 
in ammonium salts and in water, but soluble in nitric acid. 

This radical may be recognized in precisely the same manner 
as the preceding one, by processes of decomposition, a few pre- 
cautions being taken. 

a. Arseniates should be mixed with carbon, or carbon and 
boradc anhydride, before introducing into the bulb-tube in the 
blowpipe experiment. (See p. 210.) 

/3. With nascent hydrogen they act as arsenites. 

y. But before passing hydrosulphuric add into their acid 
solution, the latter should be invariably treated with a current of 
sulphurous acid gas, in order to reduce the arsenic to an arsenious 
salt. This is necessary because the arsenic sulphide (ASjS^) 
forms and separates very slowly, whilst the arsenious sulphide 
(ASjSg) is much more rapidly produced. The liquid must be 
boiled until every trace of sulphurous acid gas is evolved, before 
any attempt is made to pass sulphuretted hydrogen. 

Of odd-radicals formed by the union of antimony and oan/gen, 
two only are known — ^those existing in the antimoniates and 
metantimoniates ; but of their combinations we are almost wholly 
ignorant. (See p. 207.) 

Of add-radicals formed by the union of arsenic and antimony 
with sulphur, three are well defined — those existing in the sulph- 
arsenites, in the sulpharseniates, and in the sulphantimoniates ; 
but they are not of sufficient importance to demand a separate 
notice. (See pp. 208 and 217.) 
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Salts. 



Potassium \ 
Sodium... j 

Barium 

Strontium ... 
Calcium.... 



NO2. NO3. 

(see p. 370)(p.371) 



Magnesium... 



Ferrous 



Ferric. 



Zinc 



Cupric 
Silver . . 



Mercurous... 

Mercuric .... 
Lead 



yellow- 
ish 
white 



PO4. 

(p. 376) 



AsA* 

(p. 380) 



white 
white 

white 

white 
crystal- 
line 

white 

chancing 

to blue 

buff- 
white 
or white 

white 
gelati- 
nous 



r bluish \ 
{ green j 

yellow 



white 

white 
white 



white 
white 
white 

? 
? 



yellow- ' 

ish 
brown 



} 



; bright \ 
\ green J 

r lemon- 
\ yellow 

white 

white 
white 



A8O4. 

(p. 381) 



white 
white 
white 

white 
white 

brown 
white 



r bluish \ 
\ green J 

r brick- 1 
I red } 

white 

changing 

to rod 

yellow 
white 
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Analysis of Suhdivision IV. 

The acid-radicals of more common occurrence only being in- 
cluded, the salt may be a NITRATE, PHOSPHATE, AR- 
SENITE, or AR8ENIATE. 



Evidence of the presence of the first of these acid-radicals may be ob- 
tained by adding concentrated sulphuric acid to the solid, or its strong 
solution, and hewing. 

Pungent orange brown vapours indicate a nitrate. 

Proof of the presence of arsenic will have been obtained in the exami- 
nation for the basic radical, which in analysis always precedes the search 
for the acid-radical. If the salt, when heated with carbonate of sodium 
and charcoal in a bulb tube (see p. 210), yields 

a metallic mirror^ an arsenite or arseniate is indicated. 



Further Analysis, 

Acidify a portion of the solution of the salt with a few drops of dilute 
sulphuric acid, and pass hydrosulphuric acid gas. 



A yellow precipitate of 

AaLSjOrAsjS. 

woula indicate tne 

presence of 

As^0fl0rAs04. 

To distmguish between 

these, the silver test 

must be resorted to, being 

applied to v.ferfectlu 

neutralized part of ine 

original solution. 

Ag AsjOp is yellow ; 

AggAsO^ 18 brick-red. 



If no precipitate, or only a white one of 
sulphur (due to nitric acid), warm the solution, 
to expel every trace of hydrosulphuric add; 
add excess of acetate of potassium, and a drop 
or two of perchloride of iron. 



A white pre- 
cipitate of 
Fe^PO^ 
would indicate the 
presence of 
PO^. 



If no precipitate, a fresh 
portion oi the origuial solu- 
tion of the salt should be 
mixed with concentrated 
sulphuric add (^e test- 
tuTO bein^ cooled at the 
time of mixture by immer- 
sion in water), a crystal of 
ferrous sulphate then added, 
and the whole allowed to 
rest: the formation of a 
reddish brown halo around 
the cnrstal, consisting of 
^e^BO^, N^Oj, wouldindi- 
cate the presence of 
NO3. 
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Part II.— THE METHOD OF ANALYSIS. 



CHAPTER I. 

INTRODUCTION. 

IeRRESTRIAL matter, although consisting primarily of a de- 
finite number of elements, is found, as the student will now have 
learnt, in an almost infinite variety of combinations. These 
combinations or salts are formed, it wiU be remembered, by the 
union of two classes of bodies, which may be either simple or 
compound, and are distinguished as basic radicals, and acid- 
radicals. To test these combinations, that is, to identify their 
basic or acid constituent, is easily accomplished by the employ- 
ment of any appropriate reaction which may elicit some charac- 
teristic feature of colour, odour, insolubility, &c. ; but to analyse 
such a combination, that is, to separate its basic and acid-radical 
either in an isolated condition or in a new form, is a more diffi- 
cult task. And this difficulty is, of course, enhanced when the 
process of separation has to be performed upon a complicated 
mixture of salts. 

Although complex bodies of mineral origin, almost without 
exception, as well as a vast majority of those derived from ve- 
getables and animals, are reasonably believed to be definite saline 
combinations of basic and acid-radicals, still several substances 
which occur abundantly in organic structures, such as albumen, 
fibrine, starch, and gelatine, are composed of molecules so com- 
plex as to baffie all attempts made to catch a glimpse only of 
their constitution. These bodies, therefore, biq not subjects for 
chemical analysis; at least, they cannot be resolved, like the 
saline combinations of compound radicals, into their proadmate, 
but only into their several elementary constituents. 

s 
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Bincc, therefore, the processes of qualitative analysis to which 
the present work is confined have for their object the sepa- 
ration, recombination, and recognition of certain forms of ele- 
mentary or of definite compound matter, i.e, the separate identi- 
fication, in the bodies termed salts, of their acid- and basic radi- 
cals, it is obvious that all indefinite compounds, to which ultimate 
analysis only is applicable, are excluded from consideration. All 
salts commonly met with (using the term sait in its widest sense, 
as including bases, oxides, acids, &c.) may, however, be considered 
as fit subjects for qualitative chemical analysis. 

It MdU be at once seen that the certainty of analysis depends 
much upon the simplicity or complexity of the bodies with which 
it has to deal. Thus, chemical analysis is most likely to be 
successful with bodies of mineral origin ; for in them, generally 
speaking, the elements exist in the simplest forms of combi- 
nation. These constituent elements of mineral substances are, 
moreover, possessed of most powcrfid chemical affinities, and, 
above uU, are usually neither themselves gaseous at ordinary 
temperatures, nor do they yield gaseous products. On the other 
hand, the bodies derived from the animal and vegetable kingdoms 
are compounds in which, for the most part, the four elements, 
carbon, hydrogen, nitrogen, and oxygen, exist in large propor- 
tion. The ready decomposability of these organic bodies depends 
in great measure upon the gaseous character, i, e, the volatility 
of their constituent elements, and upon the remarkable tendency 
which carbon and hydrogen, or carbon, hydrogen, and oxygen 
present, to unite in endless and ever-varying proportions. Other 
causes combine to render these substances unstable, such as the 
great affinity of carbon and of hydrogen for oxygen (CO,, and H^O 
being thus formed), and of nitrogen for hydrogen (NH, being 
the product): the gaseous character or ready volatility of the 
simpler compounds thus produced is also to be taken into ac- 
count. But the causes of the instability of these organic sub- 
stances is not now the object of discussion ; it is merely adduced 
to show how small a hold upon them chemical analysis possesses, 
when we consider that its object is to separate a particular com- 
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pound, which in these substances may slip, by a Protean meta- 
morphosis, through the fingers of the experimenter in the very 
process of detection. The action of reagents, themselves the 
means of analysis, is sufficient to decompose bodies such as 
these. 

But it is far otherwise with the elementary or simpler forms 
of matter which constitute mineral bodies. These are not so 
affected by reagents ; and if isolated, there is in most cases no 
danger of their volatilization at ordinary temperatures, and none 
of their decomposition : neither is their presence so concealed as 
to be undiscoverable ; for no known means, however energetic, 
can destroy their identity. It matters not whether they exist 
dissolved in mineral waters, crystallized as distinct substances 
in masses of mineral, or dif^sed in minute quantity through 
various soils; their recognition and separation is a matter of 
almost equal certainty. It is thus that mineral poisons are so 
much more easy of detection than those of vegetable or animal 
origin. The latter poisons are, in the majority of cases, easily 
destroyed, and often cannot be satisfactorily pronounced to be 
the poison supposed without a quantitative determination of the 
proportions in which the carbon, hydrogen, nitrogen, and oxygen 
are present. Arsenic, lead, and copper, on the other hand, are 
subject to no such accidents. Whatever stage of decomposition 
the body poisoned by these substances may have reached, these 
minerals can stiU be recognized and separated from the moulder- 
ing remains. 

So far for the limits and the scope of qualitative analysis ; we 
will now speak of its method. 

The student will now have become acquainted with a certain 
number of tests, the application of which, either singly or com- 
bined, cannot fail to assure him of the presence or absence of 
every basic or acid-radical. To analyse successftdly, there is, 
however, one point to which he must invariably attend ; and that 
is, to preserve a well-ordered sequence in the application of the 
tests at his disposal. By the tables which have been appended 
to each subdivision of the basic and acid-radicals (in Chapters 

s2 
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VI. and VII.), the student has been somewhat prepared for this 
system, which, although at first sight it may appear to be a 
waste, is in reality an economy of time. The only true source of 
certainty in analysis consists, in fsict, in this application of tests 
in a certain fixed order. The first step must always be to sepa- 
rate a group of substances (such as a subdiyision of basic radicals) 
the members of which may always be removed together as one 
precipitate by the employment of a certain reagent. The labour 
is thus simplified : for if such a reagent fail to produce a preci- 
pitate, we know that an entire group of bodies is absent ; if, on 
the contrary, a precipitate is produced, we have an assurance 
that it can only contain certain members, and know therefore 
the limit of our search in that direction. This accomplished, a 
second group-test is applied, and the same course followed, until, 
having exhausted group- tests, we have ascertained in what sub- 
division or subdivisions the substance or substances sought for 
exist. Then, by the application of less general tests, we con- 
tinually subdivide the groups until the isolation of the individual 
members is accomplished. This principle applies to the analysis 
of simple salts or mixtures — to the detection of basic or acid- 
radicals. And the student cannot be warned too early of the 
extreme folly of what may be termed analytical "angling " — of the 
promiscuous employment of tests which, when properly apphed, 
are extremely effective in detecting individual substances. Com- 
plicated results may thus ensue, to unravel which may baffle aU 
the ingenuity of the student ; many substances, too, may thus be 
entirely overlooked, in consequence of the special test employed 
acting upon bodies other than the one sought for, and in a way 
not remembered. 

To take an instance from a frequent occurrence in the laboratory. The 
student has a solution to analyse, the colour of which is green. He instantly 
concludes that the base is copper ; and instead of employing the ordinary 
sequence of group-tests, he devises a short and easy method. Knowing that 
hydrate of ammonium gives a characteristic reaction with copper salts, he 
adds it : a green precipitate is formed, and then redissolved ; but the solu- 
tion does not present the deep blue colour of cuprammonium salts. Thus 
he is disappointed ; but, still under the impression that he is dealing with a 
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copper salt, he tries the action of hydrate of potassiain : a green precipitate 
occurs, somewhat pale, it is true, but the student nevertheless regards it as 
confirmatory of his original supposition. Ferrocyanide of potassium is next 
added ; and the green precipitate which follows is a new perplexity. In 
despair at these results so conflicting and so contradictory of his original 
idea, he adds sulphide of ammonium : the black sulphide formed confirms 
his first supposition ; the doubts consequent upon the previous reaction clear 
away ; and he definitely pronounces the solution to contain copper. Why 
has nickel been thus obviously mistaken for copper ? Because the experi- 
menter, in defiance of the conflicting evidence which the special tests have 
afibrded, has entirely neglected all proper sequence of experiment, and 
omitted to apply the test which claims precedence of all — ^the group reagent, 
hydrosulphuric acid in an acid solution, by the employment of which he 
would at once have been able to decide the question about which so much 
time has been wasted. 

The student, however, should be equally careful not to trust 
too implicitly to a mechanical familiarity with the routine of 
analysis, and should learn by repeated trials to assign to each, 
indication no more than its due value. The accumulation of 
evidence is also of the highest importance. 

Next to the accurate recollection of reactions characteristic of 
each basic and acid-radical, a scrupulous attention to the orderly 
application of tests is, as we have seen, most necessary to suc- 
cess in analysis ; and so, in order that the student may be well 
practised in this method, it is advisable that he should at first 
test substances for basic radicals only, reserving for a second 
stage the analysis of salts with a view to the detection of their 
acid-radicals : for these latter are, for the most part, identifiable 
only by a chain of circuitous evidence. And it must be remem- 
bered that, upon the knowledge of the basic radical present in a 
salt, the mode of testing for its acid constituent is frequently 
founded ; indeed, the presence of the latter is often ascertained 
in the examination for the former constituent. We now proceed, 
therefore, to details. 



390 THE METHOD OF ANALYSIS. 



CHAPTER 11. 

QUALITATIVE ANALYSIS OF A SINGLE SALT. 

Section I. — Examination for the basic eonstiiueivt. 

The student will have learned^ from the analytical schemes already 
given (Part I. Chapter VI., pp. 81, 97, 150, 190, 245), what basic 
radicals he should be prepared to find in any salt. In order to 
facilitate analysis, it has been found advisable to perform in the 
first place a few experiments, chiefly with the blowpipe, upon the 
dry salt. These experiments constitute what has been termed 
" the preliminary examination ;" and the results which it yields 
with a simple salt cu^e often so decisive as at once to determine 
the nature of the basic radical present. Skill in this blowpipe 
analysis is of great service to the travelling mineralogist, since 
the apparatus necessary for conducting it may be packed in a 
small compass, and the results obtained afford a tolerably cer- 
tain and valuable guide in examining the minerals of the country 
through which he passes. The student, however, who has the 
means of controlling these results by further analysis of a solu- 
tion of the substance, or " analysis by the wet method," should 
always consider the latter, as in truth it is, the mode of procedure 
most to be relied on, and should then employ the blowpipe ex- 
amination only as the preliminary step to a more accurate analysis. 
A convenient form of this examination is given in the following 
Table, in which, and in the other Tables which succeed, symbols 
are often employed in the place of words. 

Simple soluble salts for analytical examination may be selected 
from those mentioned under eaxjh basic radical in Chapter VI. 
For acid-radicals, their combinations with sodium, potassium, or 
ammonium may in general be used. Examples of insoluble salts 
may be obtained from those printed in antique type. 
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Preliminary examination for the detection of the basic radical. 



EXPERIMENT. 



Heat the powdered 
■ubitance by the blow< 
pipe flame, allowing the 
niune to spread, on a flat 
surface of charcoal ; be- 
gin with a gentle heat, 
and increase to intense 
ignition. 



Allow the residue (if 
any) to be heated by the 
central part of the flame. 

Colour imparted to 
tiie blowpipe flame in 
the first experiment. 

Incrustation on the 
charcoal ; its distance 
from thatendof the char- 
coal on which the sub- 
stance has been placed ; 
its colour. 



If A (see above), 
Heat with Na^ CO3 in 

bolb-tube (see pp. 169, 

210). 

Heat with solution of 

KHO in test-tube (see 

p. 78). 

If B \.b (see above), 
Heat with C0NO3 on 

charcoal in oxidizing 

flame. 

If B 2 (see above), 
Heat with borax on 

Slatinum wire in both 
ames, and observe the 
colour of the bead, both 
when hot and when cold. 



OBSERVATION. 



A. Entirdy volatile. 



B*t. Not volatile ; no reduction of metal. 

1. Residue white on cooling, 
fa. Fusible when heated. 

b. Infusible when heated. 

2. Residue coloured on cooling. 
C. Not volatile ; reduction of metal. 

1. Metallic globules malleable. 

2. Metallic globules brittle. 

3. Black metallic powder. 

Brilliant incandescence. 
Less brilliancy. 



1 . Green ; 2. Red ; 3. Crimson ; 

4. Yellow-green; 5. Yellow; 6. Violet. 



1. Dense white; very distant. 

2. White and crystalline ; distant. 

3. Bluish white : distant. 

4. Yellowish white when hot, almost or 

quite white when cold ; less distant. 

5. Orange hot, yellow cold ; less distant. 

6. Dense white ; less distant. 

7. Reddish brown ; less distant. 



1. Sublimate is a black mirror. 

2. Sublimate is grey globules. 

Pungent ammoniacal odour. 



Residue, originally white, becomes — 
1. pink; 2. blue; 3. green. 



O. F. R. F. 

1. Oreen. Oreen, 

2. 6r«en when hot. Colourless when hot 
Blue-green, cold. Reddish, cold. 

3. Orange, hot. Colourless, hot. 
Yellow, cold. Bottle-green, cold. 

4. Blue. Blue. 

6. Amethyst. Colourless. 

6. Red-brown. Grey. 



INFERENCE. 



A. NH^, Cd, Hg, 
As, certain salts 
of tin. 

[Al, Zn. 

B. l.Subd. I.&II. 

a. K, Na, perhaps 
Subd. II. 

b. Subd. II., Al, 
Zn. 

2. Cr, Fe, Mn, Co, 
Ni. 

C. 1. Pb, Ag, Sn, 
Cu, Au. 

2. Bi, Sb. 

3. Pt. 

Ca, Mg, Al, Zn. 
Ba, Sr. 



1 . Cu, 2.Ca, 3. Sr, 
4. Ba, 5.Na, 6. K. 



1. HfeCl, HgCl, 

nh!ci. 

2. AS2O3. 

3. Sb.^03, SnCl. 

4. ZngO, BigOs. 



5. PbgO. 

6. Sn^O. 

7. CdJO. 



1. As. 

2. Hg. 

NH4. 



l.Mg,2.Al,3.Zn. 



l.Cr. 
2. Cu. 



8. Fe. 

4. Co. 

5. Mn. 

6. Ni. 



* We cannot be sure that the substance belongs to B, and not to C, until we have also 
heated it on charcoal with NagCO^ or KCy. 

t Most salts containing water of crystallisation fuse as soon as heated, from the solvent 
action of the water ; but tiie substance under examination can only be pronounced fusible 
when it continues so under the prolonged action of heat* 
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The student should make careful and ample notes of all ob- 
servations made, drawing up his results in the tabular form 
given above ; and having done this, he should proceed to make 
a solution of the substance under examination, preparatory to the 
actual analysis. 

ACTUAL ANALYSIS FOB THE DETECTION OF ONE BASIC BADICAL. 

If the substance be soluble in water, that liquid is the best 
solvent that can be employed, since all others entail more or less 
trouble in the subsequent treatment ; and so desirable is it that 
water should if possible be used, that in analysing a substance 
known to be a single salt only, if it is but slightly soluble in 
water, that aqueous solution may be taken in preference to an 
acid one. The solubility or insolubility of any substance in a 
given liquid may be ascertained very readily by boiling the solid 
and liquid together, allowing the mixture to cool, and then filter- 
ing it. A drop of the filtrate is now evaporated on a bright 
piece of platinum foil or in a watch glass, when, if a tolerable 
residue be visible, enough substance is contained in the solution 
for the purposes of the analyst. But if the residue be scarcely 
appreciable, or if none be present, the substance must be con- 
sidered insoluble, and another course adopted. 

If water fails to dissolve the substance, acids must be em- 
ployed. The incautious use of acids, however, leads not unfre- 
quently to failure in analysis ; great judgment is therefore neces- 
sary in dealing with these solvents. The acids most commonly 
employed are hydrochloric and nitric, or a mixture of these ; but 
before proceeding to the selection of one of these solvents, the 
student must recall the results of his preliminary examination, if 
indeed the substance has been found insoluble in water. If, in 
the blowpipe experiments, a malleable globule of the lustre and 
colour of silver or lead, or a sublimate indicative of mercury has 
been obtained, nitric, not hydrochloric acid, must be employed. 
The reason of this is apparent. Hydrochloric acid, in dis- 
solving silver, mercurous, or lead salts, produces an insoluble 
chloride of those metallic radicals, which wiU baffle the student's 
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attempts at analysis. The following equations represent the 
different results of acting upon an insoluble silver salt with hy- 
drochloric and with nitric acid : — 

Ag,C,0,+2HCl=H,C,0,+2AgCl. ■ 

ppt. 

Ag,C,0,+2HN03=H,C,0,+2AgN03. 

sol. 

Again, if a globule and incrustation indicative of tin or antimony 
has been obtained in the blowpipe examination, hydrochloric, 
and not nitric acid, must be employed as the solvent of the 
compound, since soluble chlorides of the above-named metals 
will be thus produced, but with nitric acids the insoluble com- 
pounds, metastannic acid and antimonic anhydride. (See pp. 197, 
207.) 

Sulphuric acid is but rarely employed as a solvent ; for when in 
the concentrated form, it is somewhat unmanageable, and when 
dilute, it is not so advantageous as nitric or hydrochloric acid. 

A mixture of nitric and hydrochloric acids is seldom used. It 
is, however, the common solvent for certain alloys, and for the 
metals platinum and gold. 

It may be remarked that in most cases it is well to act with 
as small a quantity as possible of a tolerably strong add, and, 
after boiling the substance with it, to dilute with water and re- 
peat the ebullition ; for many of the salts formed by the action 
of acids under these circumstances are easily soluble in dilute, 
although insoluble in strong acids : take the following instance — 

Pb3C03+2HN03=2PbN03+H30 + C0, ; 
carb. of lead, nitrate of lowi, 

insol. in water. insol. in strong add. 

the nitrate of lead here formed would remain as a white crystal- 
line powder in the presence of excess of strong nitric acid, but 
on the addition of water would dissolve. 

But there exist substances insoluble in water and all acids, or 
which, if soluble in hot concentrated acids, are immediately pre- 
cipitated on dilution with water or cooUng. All such substances 
require a special treatment to bring them into a condition fit for 

s5 
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analysis. The following are some of the more usual bodies of 
this class, arranged under their respective basic radicals : — 

Sn as stannic oxide, Sn^Oj. 

'Ag as chloride, bromide, or iodide. 

Fe, Cr, Al as sesquioxides. 

Sb as antimoniate of antimony, Sb^Og. 

Pb as sulphate. 

Ba, Sr, Ca as fluorides and sulphates. 

Almost all basic radicals as silicates. 

To obtain these salts in a soluble form, it is necessary to mix the 
dry substance with five or six times its weight of Na^ CO, + KjCO, ; 
and to fuse the mixture on a fragment of porcelain, or, better, on 
a piece of platinum* foil for about ten minutes. If the body is 
a silicate, it should be fused with hydrate of barium in a silver* 
crucible at a low temperature. 

The fusion described in the preceding paragraph may produce 
several results. 

1^. It may produce a double decomposition, and transference 
of the acid-radical — 

Ba, SO,+Na,CO,=Na, SO.+Ba^CO,. 
insol. in H» O insol. in H, O, 

and in acios. but sol. in acids. 

In this case we simply treat the fused mass with cold water, 
washing the residual BajjCO, perfectly free from soluble salts, 
and then dissolving it in dilute HCl. 

2®. One of the salts produced in the decomposition may be 
itself decomposed — 

2AgCa+Na,C03=2NaCl+2Ag+0+CO,. 

insol. in water sol. in 

and nitric add. nitric acid. 

The fused mass is treated as in 1° ; but the residue is dissolved 
in dilute Hl^O,. 

3®. The body may be unchanged in composition, but rendered 
soluble in acids — 

* Previous to the employment of platinum or silver vessels, the absence 
of reducible metals in the substance under examination must be asoertained. 
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(Fej,0, + Na,CO.=(FeJ,0, + Na^CO,. 
Ignited oxide, soluble in 

insol. in acids. acids. 

The mass is treated as in 1®. 

4°. The body 3delds an acid-radical, and unites with the sodium 
or potassium present — 

Sn,0,+Na,C03=Na3 Sn,03+C0,. 

In this case the fused mass will entirely dissolve in water : the 
aqueous solution must be acidified with HCl, and H^ S passed ; 
in fiact, the proper group-test for Sn must be applied. In the 
case of the compound Sb^O^ the actions 1° and 4® will occur 
together. 

As a general rule, the nature of the salt-radical in union with 
the base is perfectly immaterial, the cases being quite exceptional 
in which it affects the action of the tests employed. 

1. Many organic acid-radicals, however, such as those of tar- 
taric and citric acids, entirely prevent the precipitation by hydrate 
of ammonium of certain metals, as aluminium, chromium, and 
iron, from solutions in which they exist. In the cases where 
these acid bodies interfere (and we always have an indication of 
their presence by the salt blackening when its solution is evapo- 
rated to dryness, and the residue heated), it is better, if no vo- 
latile metal be present, to ignite the substance so as thoroughly 
to cfiurbonize it, to redissolve by boiling in hydrochloric acid, and 
to filter from the carbonaceous residue. In cases (as of poison- 
ing) in which a volatile metal, as mercury or arsenic, is mixed 
with organic acids or organic matter which obstruct the occur- 
rence of the reactions, it is usual to destroy the organic matter 
by the powerful oxidizing agents, nitric acid or hydrochloric acid 
with chlorate of potassium, which converting the carbon into 
carbonic anhydride, and the hydrogen into water, break up the 
constitution of the organic matter. 

2. Another class of saline compounds requires peculiar treat- 
ment also; it is the large class of cyanogen compounds — ^the 
cyanides, ferrocyanides, ferricyanides, and sulphocyanides. These 
salts, if dissolved in acids, behave frequently in so peculiar a 
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manner with reagents, as to inyolye the analyst in endless per- 
plexity. It is better to decompose them at once by boiling them 
with hydrate of potassium solution to which a little carbonate of 
sodium has been added, in case of the presence of metals be- 
longing to the second subdivision. The first solution thus ob- 
tained should be poured off the residue, which latter should then 
be boiled twice or thrice with the same reagents as at first. The 
substance left should be washed with water, and dissolved in add. 
The decompositions in this process are extremely simple ; Prus- 
sian blue (the ferric ferrocyanide) may be taken as an instance — 
(Fe,),Cfy3+6KHO=3K,Cfy+(Fe,),03+3H,0. 
3. There is yet a third class of salts which may perplex the 
student, viz. such as, being insoluble in water, dissolve in acids 
without decomposition, and eie reprecipitated in their original 
form when the acid is removed by neutralization. Thus, when 
phosphate of calcium is dissolved by hydrochloric or nitric acid, 
we have at least 2 saturating eqs. of acid-radical to every eq. of 
calcium present ; and in all such cases we cannot tell with cer- 
tainty with which radical the metal is combined. The salt may 
be simply dissolved ; or a double decomposition may have taken 
place, thus — 

Ca, HP0,+2B:N0,=H3 P0,+2CaN03. 
At all events, no sooner is the acid removed by neutralization, 
than the elements originally in combination appear as a precipi- 
tate of the original salt. Thus, if simple solution occurs, the 
reaction may be given thus— 

Ca, HP0,+2H]Sr03+2NH, HO=Ca, HP0,+2NH, N03+2H,0; 
in solution. reprecipitated. 

while, if a double decomposition is believed to take place, the 
equation will be as follows : — 

H3PO,+2CaK03+2NH^HO=Ca,HPO^+2NH^N03+2HaO. 

reprecipitated. 

In the ordinary process of analysis, these salts therefore are 
precipitated as soon as the acid solution is rendered neutral ; and 
by a reference to the Tables which follow, this condition of things 
will be found to occur at the precipitation of Group III. in the 
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analytical arrangement of the metals. Consequently the preci- 
pitate which should contain only the hydrates of iron, chromium, 
and aluminium, may include all the insoluble salts of the kind 
just described which may be present in the solution. In the 
Tables for Group III., the influence which they exert, and the 
mode of dealing with them, will be found described. 

Thus we have endeavoured to point out the various means at 
our disposal for effecting the solution of a salt previous to its 
analysis ; we now proceed to the plan of analysis. 

GENERAL TABLE SHOWING THE APPLICATION OF GEOUP- 

TESTS. 



To the solution add dilute HCl in excess, and warm gently. 



A preci- 
pitate in- 
cQcates the 
presence of 
Pb. 

Hg 

Examine by 

Table for 

Geoup I. 



If no precipitate occurs, pass excess of H^^S through the 
solution, and warm gently. 



A preci- 
pitate in- 
dicates the 
presence of 
Hg, Sn, 
Pb,Sb, 
Bi, As, 
Cu,Pt, 
Cd,Au, 
Pd. 
Examine by 
Table for 
Geoup II. 



If no precipitate occurs, boil the solution to 
expel HgS, add a Uttle HNO3 to peroxidize the 
Fe, boil again, eyaporate to perfect dryness, ig- 
nite, redissolve in HCl ; then add some quantity 
of NH4CI solution, and lastly excess of NH4HO. 



A preci- 
pitate in- 
dicates the 
presence of 
Ur, 
Al, 
Fe, 
Or. 
Examine by 
Table for 
Geoup III. 



If no precipitate occurs, add 
(NH4)^S in smaU quantity. 



A preci- 
pitate in- 
dicates the 
presence of 
Zn, 
Ni, 
Co, 
Mn. 
Examine by 
Table for 
Group 

ni.a. 



If no precipitate oc- 
curs, boil off the (IsfRXSy 
filter if necessary m>m 
precipitate of S, add 
NH4CI and (NHJaCOa, 
and warm. 



A preci- 
pitate in- 
dicates the 
presence of 

Ba, 

Sr, 

Ca. 

Examine by 

Table for 

Geoup IV. 



If no pre- 
cipitate 
occurs, the 

solution 
may contain 
NH„ 
Mg, 
K, 
Na. 
Examine by 
Table for 
Geoup V. 
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The student having now ascertained to which group the basic 
radical of the simple salt under examination belongs, must pro- 
ceed to discover which member of the group is present. The 
groups above given are almost identical with the subdivisions of 
the basic radicals described in Fart I., the chief differences being 
the reversion of their order, and the division of the hydrosulphuric 
acid (Subdivision IV.) and sulphide of ammonium (Subdivision 
m.) groups respectively into two. The reason for reversing 
the order is obvious-^it being far easier to separate at first those 
bodies which form the larger number of insoluble compounds, 
whilst, in the study of the reactions, it is simpler to begin with 
those bodies which yield the smallest number of insoluble salts. 

The student may now proceed to examine the precipitates be- 
longing to the various groups, somewhat according to the fol- 
lowing Tables, in each case referring to the reactions given in 
Chapter VI. for confirmatory tests. 

TABLE FOB 0EOUP I. 



The precipitate produced by hydrochloric acid may contain 
PbCl, AgCl, or HgjUl. Collect on a filter, transfer the precipitate 
to a large test-tube, and heat with much water: if it entirely 
dissolves, 



the solution 
will contain 

PbCl. 
The presence 
of lead must 
be confirmed 
by the addi- 
tion of 
H,SO, ; 
a white 
precipitate of 

indicate 

Pb. 



If a residue is left (it may be either AgCl or Hg^Cl), 
collect on a filter, remove to a test-tube, add NK^HO and 
warm : if the residue dissolves entirely, 



the solution will contain 

AgCl. 
The presence of silver must 
be confirmed by the addi- 
tion of slight excess of 
HNO3 ; an insoluble white 
precipitate indicates 

Ag. 



If a black residue is left, it 
will consist of 

The presence of mercury must 
be confirmed by collecting the 
precipitate, drying it at 100° 
C, and mixing it with Na^COg 
and heating in a bulb-tube 
(see p. 169) ; a sublimate of 
grey globules indicates 
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TABLE FOE GROUP II. 



The precipitate produced by hydrosulphuric acid may be Hg„S, Bi^S., 
PbjS, CiL,S, Cd,S, Pd,S, Sn,S, Sn^S., Sb^Sg, S\% Aa^Sg, AsJ^ 
*PtS«, ♦AUgSg, or S (if a ferric salt or cnromate were present). 

CoUect on a filter, taransfer to a test-tube, and boil with (NH4)2S for 
five minutes : if a residue remains, it indicates — 



if brown or black, the presence of 
HgaS, PbgS, BijSg, Cu^S, or PdjS ; 
if yellow, of CdjS (presence of Cd). 
Wash the brown or black pre- 
cipitate free from HCl, and boil 
inHNO, 



'3* 



A residue 

will be a 

trace of 

Pb,S, 

or will 

consist of 

HgS. 

Connrm 

(p. 169) 

the presence 

of 

Hg. 



If the precipitate 

entirely dissolves, add 

excess of NH^HO. 



A preci- 
pitate 
K>rmed 
and not 
redissolved, 
will 
indicate 

Bi. 



If the so- 
lution is 
blue, it 
indicates 
the pre- 
sence of 

Cu; 

if colour- 
less, it 
contains 
PdCl. 
Add HgS : 
a brown 
precipitate 
indicates 

Pd. 



If the precipitate entirely dissolves, 
Sn, Sb, or As must be sought for. 

Add slight excess of HCl and some 
H..S water; collect the precipitated 
sulphide on a filter, wash, and dry it 
at 100° C. Mix the dried precipitate 
with KNO3 and Na2C03, and fuse 
in a crucible. Digest the Aised mass 
with cold water, neutralize exactly 
with HNO,: complete solution of 
the mass indicates 



the pre- 
sence of 

K^HAsO^. 

Confirm by 
adding 
AgNOj : 
a preci- 
pitate of 
AggAsO^ 
indicates 

As. 



If a residue and preci- 
pitate exist, collect and 
wash both, dry, mix with 
KCy, and fuse in a por- 
celain crucible. Wash 
the metallic globules or 
powder, boil them with 
HNO3, wash the white 
residue with water, and 

then digest it in H.^T so- 
lution : if entirely dis- 
solved, it indicates 



the presence 

ofHSbOg. 

Add H^S : an 

orange pre- 

cipitiM» 

indicates 

Sb. 



If a residue 

exists, it 

consbts of 

Sn. 



J 



* A separate examination must be made for platinum and gold, according 
to the plan given on page 245. 
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TABLE FOB GUIOIJP HI. 



The Dredpitate produced by hydrate of ammonium may be Ur^HjOL, 
Fa^HjOg, Cr^HgO., or Al^HgOg ; it may also be a phosphafce or fluoride 
of Ba, Sr, Ca, or Mg, or a phosphate of Ur, Fe, Cr, or AL The oxalates 
will haye been destroyed by igmtion ; and the borates do not occur. 

It will be sufficient to ascertain the presence of the phosphoric radical 
by dissolyinff a small portion of the precipitate in the least possible 
quantity of dilute HNO. in a watch-glass, adding a trace of NH^HO, to 
neutralize as far as possible the excess of HNO3 without reprecipitadng 
the salt dissolyed, and then introducing a few drops of AgNO,: the 
presence of H3PO4 is ascertained by me immediate precipitate of the 
yellow AggPCL. 

The mass of the precipitate is then treated with aesquicarhonate of am- 
monium in the cold : complete solution indicates 



the presence of 
UraHjOa. Eva- 
porate to dryness ; 
dissolye the yellow 

residue in HA, 

andaddlLOfy: 

a brownish red 

precipitate or 

colour indicates 

Ur. 



If a residue is left, it is to be examined for Fe, Cr, 
or Al. _ 

Boil for fiye minutes with H„0, to separate Ba, 
Sr, and Ca as oxalates ; filter, allow to cool, and add 
excess of KHO. 



A red or buff preci- 
pitate consists of 
FcaHgOg orFe^PO^. 
Confirm the presence 
of iron by dissolving 

the precipitate in HA, 
and adding K^Cf^ : a 
blue precipitate mdi- 
cates 

Fe. 



Perfect solution indicates the 
presence of the chromic or 
aluminic hydrate or phosphate. 

Boil the solution. 



A green 
precipitate 
will be 
(Cr),0 
Confirm by 
fusion with 
borax: a grass- 
green bead 
indicates 

Or. 



If no precipitate 
occurs, the solu- 
tion will contain 
ALH3O3. Add 
NH^Cl : a white 
precipitates 
indicates 

Al. 
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TABLE FOR GUtOUP HI. a. 



The precipitate produced by sulphide of ammonium may be Zm^Bj 
Mn^S, NijS, or Co^S. 

Dissolve it in concentrated HCl, adding one or two drops of concen- 
trated HNO^ when boiling. To the solution add excess of EfiO. Perfect 
solution indicates 



the presence 

of Zn^S : 
addH^Sto 

the solution, 

a white pre- 
cipitate of 

Za^S indicates 

Zn. 



A precipitate of a flesh colour consists of Mn^S ; a black 
precipitate, of NigS or COgS. _ 

Dissolve in concentrated HCl, add excess of KA, and 
pass HjS gas : the non-formation of a precipitate indicates 



the presence of 
Mn„S. Confirm 

by the addition of 
NH.HO, which 

wiU form NH.HS, 
and give a flesh- 
coloured or buff 
precipitate of 

Mji^S, mdicating 



The occurrence of a precipitate proves 
the existence of Ni^S, or Co.^S. 

Dissolve in concentrated HCl; add 



one drop of concentrated HNO3 when 
boiling, then KCV in excess. Boil the 
solution, and acidify with dilute HCl : 
a precipitate indicates 



the presence of 
nickel, which must 

be confirmed by 

fusion with borax : 

a red-brown bead 

indicates 

Ni. 



The absence of a pre- 
cipitate indicates 
cobalt, the presence 
of which must be 
confirmed by eva- 
porating the solution 

to dirness, and 
ftteingi portion of 

the residue with 

borax : a blue bead 

indicates 

Go. 



TABLE FOR aROUP IV. 



The precipitate produced by carbonate of ammonium, in the presence 
of NH4HO and NH4CI, maybe Ba.^CO-, SraSO,, or CajjCOg. 

Dissolve in the smallest quantity of dilute MCI, add KCrO, in solution : 
the formation of a precipitate, after the lapse of a few minutes, indicates 



the presence of 

Ba. 



The absence of any precipitate indicates the presence 
of strontium or calcium. 

Divide the solution into two parts, dilute it with a 
small quantity of water. 



1. 

Add a saturated solution of 

CagSO^: a precipitate, after 

standme fifteen minutes, 

mdicates 

Sr. 



2. 
If no precipitate occurs in 1. 
after fifteen minutes standing, 

add to 2. (NH^)^© : a white 
precipitate indicates 

Ca. 
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TABLE FOB GROUP V. 



If the TariouB group-teeto hare produced no precipitate in the solution 
under examination, either NH., Mg, K, or Na is present. Of these hasac 
radicals, NH4 will have been already detected in the preliminary examina- ; 
tion (p. 391). 

Divide the solution into two portions, one being thrice the bulk of 
the other. 



1. 
To the smaller portion add 
NavHPO. and NH^HO, agitate 
weU, and allow to stand some 
time : a white crystalline precipi- 
tate indicates 

Mg. 



2. 
Evaporate the larger portion to 
dryness, ignite and test a small por- 
tion of the residue before the bk)w- 
pipe : a yellow colour imparted to the 
ufune indicates 

Na. 

The remainder of the residue is to 
be dissolved in water, and then HCl 
and KPtClg added : a yellow crystal- 
line precipitate indicate 



Having now considered the method of detecting the basic 
radical in a simple salt, we proceed to give the details of — 

Section II. — Tlie examination for the acid constituent. 

The student must have already perceived that, although com^ 
potmd basic radicals are extremely rare, the compound add- 
radicals which occur in the course of analysis are very numerous. 
The latter bodies, though easily detected if they yield character- 
istic products of decomposition, are, however, in many cases re- 
cognized with great difficulty, particularly when of very great 
complexity. The recognition of the basic radicals by means of 
the blowpipe is comparatively easy, because in the majority of 
cases the acid-radical of the salt is expelled, or its basic consti- 
tuent is left in combination with oxygen only as an oxide, the 
characters of which are easily recognized ; but when we wish to 
detect the acid-radical present by the same meaas, the ready 
decomposability of the latter forms an insuperable obstacle. 

We have, however, at our disposal a method of Preliminary 
Examination which is of the greatest service in enabling us to 
form an idea concerning the nature of the acid-radical present, 
and occasionally, indeed, affording us decisive proof of its exist- 
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enoe. One of the reactions thus employed consists in the de- 
composing influence which concentrated sulphuric acid exerts 
upon almost all saline combinations. The sulphuric radical 
unites with the basic constituent of the salt to form a sulphate, 
while the acid-radical in the substance either unites with the 
hydrogen to form a new acid which is liberated, or else splits up 
into characteristic products of decomposition. Whichever result 
takes place, its occurrence generally affords sufficient evidence of 
the nature of the acid constituent originally present. 

In addition to the experiment with concentrated sulphuric 
acid, decisive information concerning the nature of the acid- 
radical present in the substance under examination may often be 
obtained by gently wanning the substance, or its solution, with 
dilute hydrochloric acid. AU concentrated acids, particularly 
concentrated nitric and hydrochloric, when heated, themselves 
evolve pungent vapours, which mask the otherwise characteristic 
odour of the newly liberated acid. 

In observing the action of sulphuric or hydrochloric acid upon 
a salt, it must be borne in mind that the nature of the basic 
radical present greatly influences the reaction. Thus the salts 
containing basic radicals of the first and second subdivisions 
united with weak acid-radicals, or with acid-radicals the hydro- 
gen salts of which are gaseous at ordinary temperatures, are 
much more readily decomposed by strong acids than eie the salts 
of other subdivisions. 

To take an example of this difference in the behaviour of salts. NaCl or 
BaCl is instantly decomposed by the addition of Hg SO^, the HCl escaping 
with effervescence, — ^while AgCl is not acted upon. K^ S or Ca^ S is decom- 
posed in a similarly rapid manner by HCl even when dilute, while Fe^ S 
is but slowly acted upon, and Pb.^ S remains wholly intact. The varying 
solubihty of the different compounds doubtless here influences the play of 
affinities. Carbonates and sulphites, the acids of which split, as soon as 
liberated, into water and carbonic and sulphurous anhydrides, are decom- 
posed, perhaps without exception, even by weak acids, whatever may be the 
solubihty of the individual salt operated on ; but here it is obvious that the 
decidedly gaseous character of the chief product of the action must exert a 
powerful influence in determining the decomposition. 
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Preliminary examination for the detection of the odd-radical. 



BXPERIMENT. 



Heat the subBtance in a 
tabe open at both ends, and 
held obliquely (fig. IS). 

Fig. IS. A 




Add to the solid salt, or its 
aqueous solution, in a test- 
tube, dilute HCl, or dilute 



Add to the solid salt, or 
its aqueous solution, in a 
test-tube, concentr. HSSO4; 
boil for some minutes. 



OBSERVATION. 



1. Odour of burning sulphur 

at A. 

2. Drops of liquid, neutral 

to test-paper, condense 
about B. 

5. The substance carbon- 

izes, with odour of burnt 
sugar. 

4. The substance carbon- 
izes, with odour of burnt 
feathers. 

ft. Substance changes co- 
lour, regaining its first 
tint on cooling. 

6. Yellow sublimate at B. 



7* Red sublimate at B. 
8. Evolution of red fumes. 



1. Effervescence in the cold, 

gases of characteristic 
odours being evolved. 

2. Occurrence of peculiar 

odour, without efferves- 
cence. 

a. No blackening occurs. 

1 . Crystals separate. 

2. The liquid effervesces, 

pimgent gases being 
evolved. 



5. Evolution of CO] and CO. 
4. Evolution of CL 

ft. Evolution of CI, together 
with peculiar crackling 
explosion. 

6. Evolution of O. 

7. Evolution of gas which 

etches glass. 

8. Evolution of red vapours. 



/3. The substance blackens. 

1. Evolution of violet va- 

pours. 

2. Evolution of CO, with 

odour of burnt sugar. 
S. No evolution of CO or 
peculiar odour. 



INFERENCE. 



1. Presence of a sulphide, or 

fifee S. 

2. Presence of a hydrate, or 

water of crystallization. 

3. Presence of MjT. 



4. Presence of M3U. 



5. Probable presence of ox- 

ides or cnromates. 

6. Presence of a volatile or 

other sulphide, or <tf 
free S. 

7< Presence of Hgs 8. 

8. Presence of certain ni- 
trates. 

1. Presence of MCyO, 

Ms CO3, M2 SO3, or sul- 

§ hides and cyanides of 
ubdivisions I. and II. 

2. Presence of MA, certain 

cyanides, sulphides, se- 
lenides, and sulphites. 



1. Presence of MBoOs,MBz, 

or M3S. 

2. Presence of MA. MNO3, 

MNOa, MsCOo, MsSO,, 
MCyO, and nrequently 
MCI, MBr, MI, MP, 
MCy, MjS, or M^. 
8. Presence of MjC-O-. 

4. Presence of MClO, or 

MCIO3. 

5. Presence of MCIO3. 



6. Presence of MCrOj. 

7. Presence of MF. 

8. Presence of MBr, or 

MNO3. 



1. Presence of MI. 

2. Presence of tartrates or 

citrates. 

3. Presence of gallates or 

tannates. 



Many acid-radicals being by no means distinctly recognized by 
analysis in the wet way, it will be well for the student to follow 
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up the evidence he has elicited by the foregoing preKminaiy 
examination, by testing specially for various acid-radicals before 
undertaking the actual analysis. 

SPECIAL TESTS. 

Any suspicion of the presence of Chlorine may be followed by 
direct testing (with H^ SO^ and Mn^O^) of the original substance 
(see p. 255); of Bromine, by the starch test (see p. 259); Iodine, 
by the starch test (see p. 263) ; Fluorine, by the etching test 
(see p. 265) ; the Hypochlorous radical, by the lead test (see 
p. 268) ; the Chloric radical, by the action of concentrated 
Hj SO4 (see p. 269) ; Sulphur, by its odour, blue flame, and 
coloured salts ; Selenium, by its horse-radish odour (see p. 286) ; 
Snlphocyanogen, by ebullition with HNO3 (see p. 343) ; the 
Sulphurous radical, by the odour and action on H^ S, of SO^ the 
product of its decomposition (see p. 293) ; the Carbonic radical, 
by the action on BaHO solution of CO^, the product of its de- 
composition; Cyanogen, by passing the vaporized acid, which 
bums with a blue flame, into a test-tube containing a drop of 
KHO solution, dividing the solution of KCy thus obtained into 
two parts, and applying to one the Prussian- blue, and to the 
other the sulphocyanide test (see p. 342) ; the Acetic radical, by 
the acetic-ether test (see p. 350) ; the Nitric radical, by mixing 
with a fresh portion of the strong solution of the substance an 
equal bulk of concentrated H^ SO^, cooling the mixture, and then 
dropping in a crystal of FeSO^— on standing quietly for some 
seconds, a brown halo will appear. 

"We may remind the student that every result obtained in the 
above preliminary examination should be as carefully recorded as 
those observed in the examination for basic radicals. It is, in- 
deed, more necessary to do this in the present case, since the 
detection and distinction of acid-radicals is more dependent on 
the preliminary analysis and the special testings consequent 
thereon, than is the recognition of the basic radicals, previously 
treated of. 
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ACTUAL ANALYSIS FOB THS DETECTION OF ONE ACID-BADICAL. 

Attention to several points connected with this branch of the 
analysis of a salt is necessary to ensure success ; and — 

1. With regard to the solution of the substance under exami- 
nation. If it dissolve in water, one great source of difficulty is 
evaded ; but if not, it becomes a question in what acid it shall 
be dissolved. To the use of HCl is presented a great objection — 
that it produces a dense precipitate with AgNOg, which is one of 
the principal reagents employed in the detection of acid-radicals. 
To the adoption, on the other hand, of HNO3 as the solvent for 
salts insoluble in water, a scarcely diminished objection exists ; 
for with many complex acids, if employed in sufficient strength 
to dissolve the salt, it oxidizes, and thus completely changes, the 
acid-radical. HL, SO^ too is rejected, because, if concentrated, it 
acts powerfully as an oxidizer, and even when dilute it produces 
precipitates with BaCl and CaCl, two reagents frequently em- 
ployed in this course of analysis. Other acids, such as HF, HA, 
HjO, &c., are either too energetic, too weak, or too rare to be 
employed; or else they form insoluble salts with the reagents 
used; or, lastly, by their often complex constitution or ready 
decomposability they increase the difficulties of the analysis. 
Thus something may be urged against the use of each solvent 
acid ; and the student must bear in mind the evils and advantages 
which attach to each, and use his judgment in aU. cases, by em- 
ploying that solvent to which the fewest objections are attached. 
It is well that he should early learn that no strict rule can be 
laid down for his guidance in chemical analysis, and that this 
science demands of its practiser not only his whole manual skiU, 
but also his best mental faculties. On the whole, the best add 
solvent for general use is dilute HNO3 ; in this form the acid does 
does not oxidize very rapidly, and has the immense advantage 
over most others, of not forming any insoluble salts. The salts 
of organic acid-radicals should not be boiled, but only heated 
gently with this acid. In addition to dilute HNO3, HCl, con- 
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centrated HNO3, and HA are advantageously employed in many 
special instances. 

2. It will be seen presently that the method already adverted 
to in the detection of basic radicals may be employed for the 
recognition of the acid-radical also, in the analysis of salts in- 
soluble in water. We aUude to the mode mentioned (p. 395, § 2.) 
in which the decomposition is effected, and a soluble salt of the 
acid-radical thus obtained, by boiUng the insoluble salt with a 
solution of NaHO or KHO. This method is frequently applicable 
where the attempt to make an acid solution would fail, and is 
especially used in the examination of cyanides, ferrocyanides, 
&c. The solid salt boiled with a concentrated solution of KHO, 
to which a little Na^COg has been added in order to precipitate 
any metal of Subdivision II. present as a carbonate, gives the 
following result : — 

NiCyH-KHO=KCy+NiHO ; 

an insol. a sol. ppt. 

cyanide. cyanide. 

2CaKCfyH-Na2 CO3 =K, Cfy+Na^Cfy+Caj, CO3. 
an insoluble solume ferrocyanides. preapitate. 

ferrocyanide. 

This mode of decomposition may be very advantageously em- 
ployed in the case of salts containing a complex acid-radical 
liable to decomposition if treated with HNOj. It is better to 
boil such salts with Na^COg, and not with the more powerfiil 
KHO. NaCOg, too, is an agent which almost invariably pro- 
duces an insoluble precipitate : for nearly all carbonates are in- 
soluble in neutral solutions ; and in most other cases where an 
insoluble carbonate is not produced, an equally insoluble hydrate 
is the result, thus 



MiXj a O^ 4-Na2 CO3 =Na2 C. O^ 4-Mnu CO3. 
an insoluble a soluble precipitate, 

oxalate. oxalate. 

2Ba3 C3 Hj O^+SNajj C03=2Na3 C3 H^ O^+SBa^ CO3. 
an insoluble atrate. a soluble citrate, precipitate. 

By such means we obtain a soluble in the place of an insolvMe 
salt of the acid-radical we wish to detect : nor is this the only 
object attained ; we have an aVcaUne salt, i. e. a salt containing 
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a metal belongiiig to the first subdivision. And this fact brings 
us to the consideration of a point of great consequence, viz. — 

THE ABSENCE OF ALL BASIC RADICALS EXCEPT POTASSIXTM AND SODIUM. 

It has been already stated that the presence of acid-radicals 
often interferes most mateiially with the detection of the basic 
constituent of a salt ; the converse of this statement is true in 
even a more extended sense. The presence of metallic radicals 
other than potassium or sodium is found extremely inconvenient, 
chiefly on account of the insoluble salts which they form by 
union with the acid-radicals of the salts added as reagents or 
tests. Ammonium indeed should, as a general rule, be excluded, 
on account of the interference which its salts (e,g, NH^Cl, 
NH^ NOg, and [NH^J^ SO^) frequently exert by their solvent action 
on other saline combinations. Thus the borates and phosphates, 
the citrates and tartrates of barium and calcium (salts character- 
istic of their respective acid-radicals) are held in solution when 
reagents appropriate for their formation are added, if a salt of 
ammonium also be present in the liquid. It must, however, be 
stated here, that stable ammonium salts (NH^ HO and [NH^J^COg 
being thus excepted) do not inferfere with the action of two 
frequently employed reagents, viz. AgNOg and FCgClg. 

The separation of the original basic constituent of a salt is 
sometimes very difficult, and in other cases very easy of accom- 
plishment. 

1. If the salt is soluble in water, and the basic constituent 
belongs to Subdivision I., no such separation is needed, except in 
the special cases just mentioned, where the radicals of borates, 
phosphates, and organic salts are present, and we intend to em- 
ploy BaCl or CaCl as a test ; then, if ammonium be the base, it 
must be removed. This is accomplished by adding to the so- 
lution some KHO, and boiling the liquid until the addition 
of a few drops more of the alkali no longer produces an odour 
ofNHg. 

2. If the salt is soluble in water, and contains for its basic 
constituent a member of Subdivision II., it may be immediately 
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converted to the requisite condition of a suitable alkaline salt by 
boiling its solution with a solution of Na^COa : 

2BaBp+Naa C03=2NaBp+Ba2 CO3. 

3. K the salt contains a member of Subdivision II. as its basic 
radical, but is insoluble in water though soluble in acids, the 
treatment with Na^COg may be employed. Care must, however, 
be taken to add a quantity of ISTajCOg sufficient not only to neu- 
tralize the acid employed as solvent, but also to effect the decom- 
position of the original salt. K this precaution be not observed, 
the reagent will simply neutralize the solvent acid, and repreci- 
pitate the original salt, thus — 

Ba, R-|-2HN03-|-Na,C03=Ba, R-|-2NaN03-|-H,C03 ; 

salt sol. in acid reprecipi- ^- v " 

acid only, solyent tated salt. solution. 

the search for the desired salt (l^a^ R) in the solution wiU there- 
fore in this case fail. But if enough NajCOg has been added, the 
reaction is as foUows : — 

Baj E+2HNO3 +2Na^ CO3 =Na^ E+2NaN03 +Ha CO3 ^-Ba, CO3, 

where the desired salt (ISra^ R) is obtained. In these experiments 
the smallest possible quantity of acid solvent should be used. 

Moreover, in certain instances where Na^COg does not effect 
a rapid decomposition of the salt (e,g, BaCrOj, Ba^HPO^), it is 
well to filter off the precipitate first formed, and to boil it with 
a fresh portion of NagCOg. 

4. These observations and methods of treatment apply also 
generally to aU salts, whatever basic radicals they contain, pro- 
vided that their acid constituent is not a complex oi^anic radical 
contaming C,H, and 0, w C,H,N, and 0. 

5. But when we try to decompose salts containing the me- 
tallic radicals of the third and fourth subdivisions united with a 
complex organic constituent, we find that complete decompo- 
sition is not effected, that a perfect precipitation of the basic 
radical as carbonate is not made, but that in the filtrate the 
acid-radical to be detected exists in combination partly with Na, 
and partly with the original basic radical. Nor can this latter 
be removed by successive repetitions of the process; here the 

T 
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analyst must use his judgment and the knowledge previously ac- 
quired. These organic radicals do not allow of the perfect pre- 
cipitation of many bases belonging to the third and fourth sub- 
divisions by any reagents except certain combinations of sulphur 
(Hg S or NH^ H8). Some of the sulphides thus formed are, it 
will be remembered, soluble in alkaline solutions, some in acids, 
while others are soluble in none of these reagents. The method 
of separation must therefore be adapted to the nature of the 
basic constituent present, which the student will have already 
recognized. If the sulphide of the radical be insoluble in acids, 
it is better to make a solution of the salt in KNO3 as dilute as 
possible, and to pass H, S through the acid solution till no more 
precipitate is formed. The sulphide should then be removed by 
filtration, and the residual H^ S expelled by gently warming the 
filtrate. The solution thus treated may then be immediately 
tested for acid-radicals. Should the sulphide of the radical in 
the salt bo soluble in acids, but insoluble in alkaline solutions, 
H.^ 8 is to be passed into the solution obtained by boiling the 
original salt with Na^COg (this plan is better, though longer, 
than adding NH^ HS) ; thus the removal of the small quantity 
of metallic radical retained in the alkaline solution is effected. 
Having filtered off the precipitate thus formed, the student must 
acidify the filtrate with dilute HlSTOg, to decompose the NaHS 
present, and then gently warm the solution, to expel H^ S. 

By the means just described, or by a combination of them, 
acid-radicals may be separated from their original saline com- 
binations, and obtained in the form of an alkaline salt, the base 
of which will not interfere with the effects produced by the re- 
agents employed. 

We now proceed to the method of testing the solution for 
acid-radicals — the actual analysis. But first it may be useful 
to give a list of the acids whose salts we may expect to be pre- 
sent, distinguishing by small type those which are of rarer oc- 
currence. Those, when they occur, are often reduced to simpler 
forms, or else are separated, in the preparation of the solution. 
They generally require for their recognition the employment of 
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the special tests detailed in Chapter VII., although evidence of 
their existence is occasionally obtained in the preliminary exa- 
mination for the acid constituent (which see) : — 

Subdivision I.— HCl, HBr, HI, HF ; HCIO, KCIO^, HCIO,, 

HBrOa, HIO3, HIO^, HPtClg, &C. 
Subdivision II.— H,0, H,S, H,Se, H^Te; H^SOg, H^SO,, 

HaSeOg, H^SeO^, H^TeOg, HaTeO^; HCrOj,, HWO^, HMoO,, 

HVOj. 
Subdivision in.— H3 Si, Fg; H.COg, H,C,0^, HBoO^HSiO,; 

HCy, HCyO, HCyS, H^Cfy, HgCfdy, HgCocy; HA, HBz, 

H,L, H^S; H,f, HgCi, H3G, HgQt, H,U. 
Subdivision IV. — HNOa, HNO3, HaPO,, H3PO3, H3P0^, 

H,As,0„ H3ASO,. 
Of these acid-radicals, some, as has been previously observed, 
can be detected in the preliminary examination, or by tests 
based upon the results of that examination. These are the 
radicals the acids of which are represented by the formulae 
HdO, HCIO3 ; H, S, H, Se, H, SO3 ; HCyO and HNO3. Some 
radicals, again, though found in analysing by the moist way, are 
best detected in the previous examination : the acids of these 
radicals are HCl, HBr, HI, HF, HCy, and HA. 

From the solution prepared as above directed, the original basic 
radical has been separated ; CO, has also been expelled by a gentle 
heat applied to the liquid after it has been slightly acidified with 
dilute HNOg* : this expulsion of the CO, is necessary, for its pre- 
sence in the liquid would falsify the results. The next step should 
be to exclude another class of metallic acids : they may aU be 
removed by the passage of H, S through the liquid ; but if this 
has been already done, it need not be here repeated. The H, S 
gas is passed through the solution, which has been very slightly 
acidified with HNO3. By this means we remove the radicals t 

* Unless the solution be very dilute, and the nitric acid very weak, 
HBz and H, S may be here precipitated, while H, U and H3 Qt will certainly 
separate. 

t Chromic add, and the other metallic adds in general, are detected and 
separated among the basic radicals by their behaviour with H^S. 

t2 
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PtClg, CrO„ Sn^O,, WO^, MoO„ V0„ As^O,, AsO^ ; we also con- 
vert BrOj, IO3, and 10^ into the types MBr and MI ; and if 
cyanogen compounds be present, they will generally be found 
to produce a sulphocyanide, while ferricyanogen is changed to 
ferrocyanogen : these facts must be borne in mind when test- 
ing. The HgS remaining in the liquid must now be removed by 
gently warming the solution placed in an evaporating dish. 

The list of radicals now existing as acids will be as follows : — 

Subdivision I.— Ha, HBr, HI, HF. 

Subdivision n.—Hj SO^, H^SeO^. 

Subdivision m.—Hg Si, Fe, H,C,0^, HBoO,, HSiO,; HCy (if 
not all expelled by warming the acid solution), HCsy; 
HaCfy, HgCfdy, HgCocy; HA (if not all expelled), I^ 
and the other organic acids. 

Subdivision IV.— H, PO^. 

1^0 really good plan of detecting and separating the various 
acids has been yet devised ; and the Tables we are about to give 
must not be deemed in any way faultless. More reliance must 
be placed on the preliminary examination and special testings, 
than upon the actual analysis. 

To detect, then, with more or less certainty, in a single salt, 
the radical of any one of the above-mentioned acids, we may 
employ the following plan ; — 
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Actual analysis for the detection of the add constituent. 



To the solution add excess of HNO 



3* 



A precipitate 

indicates the 

presence of 

BoOa 

Sipa 

Bz 

S 

orU. 

If the plan 
described in the 

introductory 

remarks has been 

followed, the 

absence of a 

precipitate here 

might arise from 

tiie previous 
separation of the 
acid by the addi- 
tion of dilate 
HNO3. 



To the solution add BaNO 



3* 



A dense 

precipitate 

indicates 

the presence 

of 

SO. 

SeO^; 

a gelatinous 

precipitate 

indicates 

Sijl^V 



To the solution add 
slight excess of NagCOg 
and warm. 



A preci- 
pitate in- 
dicates the 
presence of 

B0O2 
SiOa 

T 

Ci 
orPO^. 
Examine by 
Table for 
Group I. 



To the so- 
lution add 
HNOgand 

AgNO,. 

A preci- 
pitate indi- 
cates the 
presence of 

CI, Br, 

I,Cy, 

Csy, Cfy, 
or Cfdy. 
Examine by 
Table for 
Group II. 



To a fresh portion of 
the original solution, 
after careful neutral- 
ization with NH4HO, 
addFe^Cla. 



A preci- 


A coloured 


pitate in- 


solution in- 


dicates the 


dicates the 


presence of 


presence of 


Cfy 


Csy 


Bz 


A 


G 


or Cfdy. , 


orQt. 


1 
1 


See Table for 

n«^TT,. TTT 



TABLE FOR GROUP L 



The precipitate may 
BaBoOj, or BaSiOj. 
To the solution add 



parts. 



be BaF, Ba^SijFe, Ba^O, Ba^T, Ba^Ci, BajjPO^, 
dilute HCl, and then divide the liquid into two 



I. 

Evaporate to dry- 
ness, add HCl, intro- 
duce a slip of turmeric- 
paper. A brown co- 
louration indicates 

B0O2 

(or the green-alcohol 
mune may be obtained, 
see p. 329} ; 

All insoluble residue 
indicates 

SiO,. 



If no results are obtained with I., boil the second 
portion with Na^ COg ; filter firom the precipitate 
of Ba^^COa, acidify with HA, and add CaQ. 



A preci- 
pitate in- 
dicates 
For 



(also indi- 
cated in the 

Prelim. 

Exam.). 



The solution may contain CaBoOj, 
Ca^T, CagCi, or Ca^PO^. Divide 
into two parts. 



I. 

Add Fe^Clg. 

A white 

precipitate 

indicates 

PO4. 



n. 

Boil the solution. 



A white 
precipitate 

(CagCi) 
indicates 



Solution may 
contain 



Ca,T 



(indicated in 
prelim, ex.). 
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TABLE FOE aEOUP H. 



The precipitate may be AgCl, AgBr, Agl, AgCy, AgCsy, Ag, Cfy, op 
AggCfdy. Add NII4HO, and warm. 



A residue may be A^I, 
AgCsy, OP AgJDfy. Boil it with 
concentrated XHO and a frag- 
ment of sugar ; filter, neutralize 
with dilute H^ 
into two parts. 



HINO,, and divide 



I. 
Test with HgCa. 
A scarlet pre- 
cipitate 01 Hgl 
indicates 
I. 



n. 

Test with 

FeXl,. 

Ared colouration 

indicates 

Csy; 

a blue 
precipitate 



The solution may contain AfiOl, 
AgBr, (traces of Agl,) AcCy, Ag-Cfdy. 

Add slight excess of dilute HNO3 ; 
collect the precipitate, wash, dry, and 
ignite it in a porcelain crucible : the Cy 
compounds are thus almost entirely re- 
duced to the metallic state. Boil the 
residue in dilute HNO3. 



A residue may be 
AfiClor AgBr. Wash; 
add a fragment of zinc 
and a drop of dilute 
HjSO^ ; allow to stand 
a quarter of an hour, 
filter: to the filtrate 
(neutralized and then 
concentrated) apply the 
starch-test. An orange 
colour indicates 

Br; 

the absence of colour 
indicates 

CI 

(to be confirmed as 
usual). 



The solution 
may contain 

AgNOa. 
AddHCL A 
precipitate 
indicates the 
preyious ex- 
istence of 
Cy or 

Cfdy. 



TABLE FOE GEOUP IIL 



The precipitate may be 

Fe^Cfyg, which is a blue ppt. and in- 
mddcates . Cfy*. 

Fo2"^3 „ buff „ Bz. 

Fe..G „ blue black Q. 



FCgQt 



>> 



If 



bltie black Qt- 



The solution may contain 
FejCsy,, which is a soluble *rerfsalt, 



and mdicates 



FeSciy 



»» 
»» 



Csy 

^brovm red A- 
brown green Cfdy< 



* These reds may be distinguished by adding HgCl ; when the colour of 
Fe^Csyg is discharged, and that of Fe^Ag remains. 
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CHAPTER III. 

ANALYSIS OF MIXED SALTS. 

In the recognition of the various basic and acid-radicals which 
may be present in a mixture of salts, the plans described in the 
following Tables are to be adopted, with, however, such modifi- 
cations as the preliminary examinations may suggest. To the 
methods of preliminary examination already given (see pp. 391, 
404) recourse must again be had ; indeed, the indications which 
they afford are often of extreme value in the analysis of com- 
plicated mixtures. The methods for preparing the solution of 
the substance to be analysed will be the same as those already 
described. (See pp. 392, 408.) 

A few words may here be introduced concerning those combi- 
nations and mixtures of basic radicals with one another, known 
as alloys and amalgams. When once in solution, the manner of 
recognizing their constituents is identical with that adopted in 
the case of salts ; but nitric acid, moderately concentrated, which 
is usually employed as the solvent for aUoys, leaves many metals 
unacted upon and undissolved {e,g. platinum, gold, &c.), which 
require further treatment with hydrochloric or nitrohydrochloric 
acid. Nitric acid, moreover, partly separates tin and antimony 
in the form of insoluble compounds, which must then be treated 
according to the plan described on p. 394. 

Throughout the Tables of the present and preceding chapter, 
the more common radicals are indicated by a conspicuous type. 
For the detection, &c. of the acid-radicals contained in a mixture 
of salts, the Tables already given may be employed (see pp. 413, 
414) ; from these Tables, the rarer organic radicals, the reactions 
of which have been detailed in Chapter VII., are for the most part 
omitted, since they seldom occur together in the course of analysis, 
and generally require the employment of very special methods of 
separation. For these methods, reference must be made either to 
Chapter VII. or to a comprehensive treatise on Organic Chemistry. 

The preliminary examination of the mixture of salts having 
been accomplished, and its results recorded, the student will 
then proceed to the actual analysis. 
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THE ICETHOD OF AITALTSIS. 



GENERAL TABLE FOB THE 



If HCl has been used for the solution of the substance, and no precipitate 
be assumed to be absent ; but if the substance has been dissolyea in water 
addition as long as an j precipitate is produced : when the precipitate ceases, 
ride of Bi or Sb, or any HSiO.^, which ma j have been thrown down. Agitate 



The precipitate maj 
contain 
PbCl,AgCl,orHg,Cl; 
and also bj thus acidi- 
fying their alkaline so- 
lutions, the anhydride 

w,o, 

and the acids 
HSbOg 

HB0O2 
HBz 
H^S and 
H U 
may be nere precipit- 
ated, since th^ are but 
slightly soluble in 
water or acids. 
Examine according to 
Table for Gboup I. 



.3 by one or two 
allu 



The filtrate is first freed from BIHO 
separate Pt and the mass of the rarer allied metals, 
given in Table for Ghroup IL If extremely add, it 
suspected to contain As in the form of arsentc com* 
of tne latter is expelled*, when a rapid stream of H. S 
pitation of Pb, As, and Mo, it is well to warm the nl- 
time, with H^ S. A blue colour on the first passage of 
precipitate mar be only S, due to the oxidizmg action 
ever, a mass 01 S might eaidly mask a small but impor 
suffered to pass unexamined. Collect and wash 



The precipitate may contain 
Sn^S, 
SboS, 



Pb,S 
Hg,S 

Cd,S 
PdjS 

Sn^S 



sb^sj 

As.^Sa 
Afi,S, 
M02 Sa t 



Examine according to Table 
for Group II. 



If the filtrate is of a 
previously formed, or 
evaporated to dryness at 
moistened with water and 
separation of HSiO, as 
sent, the residue should 
not be interfered with, 
a current of air : the only 
dered insoluble in acidB ; 
bonaoeous mass is left, 
well to bum the insoluble 



TABLE FOR THE ANALYSIS OF GROUP L 



The precipitates produced by the addition of HCl, and rAmAining ^niWti. 
solved m excess of that reagent, may contain 

PbCl, AgCl, and Hg^ 01 ; the anhydride W^Oa ; and the adds HSbOs, H4 SbsO,, 

HBoOs, HBc, H,S, andH,U. 
Boil the precipitate with several firesh portions of water, and wash it, when on 

the filter, with hot water. 


The solution 
may contAin 

Pba, 

HB0O3, HBe 

and H3 S. 

{ Add dilute 
Hj^SO^; a 
white precipi- 
tate indicates 
the presence of 

Pb. 

The acids will 

be found in the 

analysis for 

acid-radical. 

1 

1 


The residue may contain 

AgCl and Hg„Cl; WjOj; HSbOa, H^ SbjO^, and H,U. 

Warm with solution of KHO, filter and wash. 


The solution 
may contain 
KWOa 
KSbOs 
K^HsSbsO; 
and 

KaU. 

The W may be 

detected by 

the blowpipe 

reactions; the 

Sbbythe HaSb 

series of 

experiments. 


The residue may contain AgOl and (Hg-)„0. 

Warm with solution of NH^ HO. 

1 


The solution will 

contain 

AgCl. 

If a reprecipitation 

occurs on addition of 

H NO3, it indicates 

Ag- 


The residue wiU consist of 

(Hg2)oO,- 
the presence of which may 
be proved by heating; the 

dried substance with 

Na^CO, in a bulb-tube, 

and obtaining the metallic 

globules of 

Hg. 
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EXAMINATION FOE BASIC RADICALS. 



either immediate or on cooling has been the result, the first group may 
or in HNO3 or Hg SO4, add a few drops of concentrated HCl, and repeat the 
add yet a few drops more of the concentrated acid, to redissolve any oxychlo- 
until the solution is clear, and then filter. 



evaporations on a water-bath with HCl ; it is then treated with NH^ CI, to 
and subsequently with BL^C^O^ to precipitate Au, according to the details 
should then be partially neutralized with Na^ CO3, still keeping it acid ; and if 
pounds, it must be saturated with SOo gas : it is (jien warmed until all excess 
gas is passed through it for at least half an hour. To ensure the perfect preci- 
trate j^om the first H^S precipitate, and to saturate it a second, and even a third 
H^ S should lead the student to look for Mo. A white or very pale yellow 
01 unexpelled HNO3, of HCrOL, or of ferric salts upon the H.^ S. Since, how- 
tant quantity of Sb^ S3 or As^ S3, or other bodies, no such precipitate must be 
precipitate completely. 



fine blue colour, special search for Bu should be made in the Ft precipitate 
Mo may be looked for again in the following group. The filtrate should be now 
100° C. with HNO3 ; this process should be repeated, and the residue finally just 
again evaporated to perfect dryness : absolute desiccation ensures the complete 
Sij O3 ; it would otherwise be mistaken for Al^ H3 O3. If organic matter is pre- 
be more highly heated, in order that the detection of Al, <>, Fe, Mn, &c. may 
It is well to bum organic bodies off entirely, bv igniting the residue strongly in 
danger is, that by exposing sesquioxides to so nigh a temperature they are ren- 
a compromise is therefore frequently effected by heating until merely a car- 
which is boiled repeatedly with HCl, and the solution filtered. It would be 
residue white, to ascertain whether Si^ Ojj is present. 

To the HCl solution add some quantitr^ of NH4 CI ; then almost neutralize 
with NH4 HO ; place in a fiask, and add (NH4)2 S until no more precipitate 
is producm : warm gentiy, allow to rest for some time in the corked flask, and 
filter, washing with water slightiy impregnated with (NH^)^ S. 



The precipitate may 
contain 
Zn,S A1,H303 



Mn,S 



Cr^HgOg 



Co^ S Gla H3 O3 MphHa O 

Ni^SZraHgOa QuHgO 

Fe2Sc^H3 03 SchHjO 
U0S3 YHO 

ThHO 

TiaHaOa 

TaHg O3. 
Examine according to 
Table for Group III. 



If the filtrate is brown, the presence of Ni may be 

inferred. First acidify with HA ; warm, filter, and add 
the new precipitate to the one previously produced. 
The filtrate should be evaporated to expel excess of 
(NH4)2 S, and any precipitate of S resulting from its 
decomposition ascertained to be only S bv its entire 
volatility. Solution of (NHJ^COa is then added 
until the precipitation ceases ; the liquid warmed (not 
boiled, lest the precipitate should redissolve in the 
NH4CI) and filtered. 



The precipitate may 

contain 

BajC03 



Sr2C03 



Ca,C03. 

Examine according to 

Table for Group IV. 



The filtrate, containing 

NH4, Mg, K, and Na, 

is examin^ according to 

Table for Group V. 



• Certain sulphates, as those of Ba, Sr, and Ca, ma^ be precipitated here, the SO3 being 
converted into Hg SO4. If insoluble in acids, such precipitate must be examined hj fusion. 

t Mo is not perfectly precipitated unless HjS is passed into its alkaline solution, whic! 
afterwards acidified. 

1.^ 



which is 
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THE METHOD OF A17ALT9IS. 



TABLE FOE THE 



The filtrate from GhK>upI. may oontaiD all other basic 

Pb, Hg, Bi, Cu, Cd, Pd, Sn, Sb, As, 
It must be freed from HNO, : this may be done by eraporating with slight 
To the HCl solution, which should be concentrated if it has been rendered too 
agitated, and allowed to rest for some hours. 



A yellow crystalline 

prtxnpitate of KPtCly 

indicates Pt. 

The Urgeft murt of the 

rare metab K, Ru, Ir, 

and also some PdCl, 

would separate here in 

the same form. 



The filtrate should be mixed with a reasonable quantity of 



A precipitate con- 

sistins of yellow 

spangles, or of a 

brown yellow sponge, 

indicates Ail 



Through the filtrate a current of 
second and even a third stream of 
thoroughly washed with hot water 
S ; the undissolyed portion must be 



The residue may contain Hg.^S, Pb^, Bl,S,, CUj^S, Cd^S, and PcLS : it 
must be washed imtil quite free from 01, then boilea in concentrated HNO, 
until all red fumes cease. The liquor is diluted with H^O, the residue allowed 
to settle, and dilute H^SO^ added until precipitation is complete ; it is then 
agitated and filtered. 



The residue and precipitate 

may contain 

Hg^S and Pb.^SO^. 

Divide it into two portions. 



I. 

Boil in Ha ; 

add one or 

two drops of 

IINO3, and 

continue to 

boil. Drop 

in a bright 

fragment of 

copper foil. 

A silvery film 

on the foil 

indicates 

Hg- 



II. 

Ignite on a 

fragment 

of porcelain. 

A white 

non-volatile 

residue of 

Pb^SO^ 

indicates 

Pb. 



The filtrate may contain Bi, Cu, Cd, and Pd. 
Add some quantity of solution of KCl ; evaporate 
to dryness on a water-bath, adding a little ni- 
trohydrochloric add towards the end of the 
operation. Bedissolve in a solution of KCl, 
adding one drop of HCl ; filter and wash with 
KCl. 



A reddish 

yellow 

crystalline 

precipitate 

ofKPdClg 

indicates 

Pd. 



To the filtrate add excess of NH^HO. 



A white 
precipitate 
of B1H3O3 

indicates 

Bi. 

Confirm by 
the oxy chlo- 
ride test 
(seep. 182). 



The filtrate may con- 
tain Cu and Cd. Aci- 
dify with HCl, and 
saturate with H^S ; fil- 
ter and wash the pre- 
cipitate with HjO im- 
pregnated with HjS. 
Bou the precipitate 
with dilute H^ SO^, and 
filter quickly. 



To the so- 
lution add 
excess of 
HjS. A 
yellow pre- 
cipitate 
indicates 

Cd. 



The pre- 
cipitate is 

CxjlB. 

Dissolve, 

and confirm 

by the 

NH^O 

andKJDfy 

tests for 

Cu. 



ANALYTICAL TABLES. 
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ANALYSIS OF GEOUP H. 



radicals ; in the present Ghroup we separate the following : — 

Pt» B, Ru, Ir, Os*, Au, and Mo. 

excess of HCl once or twice ; in so doing, any Os would escape as osmic anhydride*. 

dilute, a reasonable quantity of NH^Cl solution should be added, the liquid well 



concentrated solution of H<2C2Q4, and moderately heated for some hours. 



HgS should now be passed for a considerable time, the liquid warmed, and a 
HgS passed to ensure perfect precipitation. The precipitate must be collected, 
containing a little H^S, then boiled for a few minutes with (NH4)2S containing 
filtered of. 



The filtrate may contain 
Sn, As, and Sb, combined with S, 
^n the form of acid-radicals. Eeprecipitate them as sulphides by acidulating 
with HCl ; and, to prevent the HCl from decomposing a portion and dissolvinff 
it as chloride, pass a few bubbles of HjS through the solution. Collect and 
wash the precipitate ; boil it in HCl, and add, when boiling, a very littie 
HNO3, drop by drop, until it is dissolved. Introduce the solution into an 
apparatus from whim H is being eyolved by the action of H^SO^ upon &, 
both of these reagents having been ascertained to be free from As ; pass the 
evolved gases through a wash-bottle containing solution of PbA, and thence 
into a test-tube containing a somewhat strong solution of AgNO„, continuing 
the passage as long as any precipitate is produced in the AgNOg solution. 
When the action has ceased, a black residue will be found upon the surface of 
the Zn in the generator!. 



The black residue consists 
partiy of Pb and other im- 
purities in the Zn; but it 
also contains the Sn and 
part of the Sb. It must be 
collected, boiled with HCl, 
filtered, diluted with H^O, 
and tested with a few drops 
of HgCl, when the, forma- 
tion of a white or grey pre- 
cipitate indicates 

Sn. 



The solution of AgNOg is filtered, in order to 
collect the suspended precipitate. 



The filtrate 
may contain 

As 
as A^^AsjOg 
dissolved in 
excess of HNO3. 
Exactly neu- 
tralize with 
NH4HO, 
when a yellow 
precipitate 
indicates 

As* 



The precipitate may be Ag 

only, or_Ag3Sb. 

Boil with H^T and filter. 



the residue 
will be 



The filtrate may 
contain 
Sb. 
Acidify with HNO3 
and pass H^S, when 
an orange precipi- 
tate indicates 

Sb. 



* The separation of these four metals is most difficult : the process will be 
described in an Appendix to the present Table. 

t This process was, we believe, originated by Dr. Hofmann, and is employed 
by him in the Boyal College of Chemistry. 
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THE MKXnOD OF AITALYSIS. 



TABLE FOB THE 



Tlio precipitate produced by (NH^).^ in ihe 

Zn S, Mn S, Fe,S, Co.,S, Ni,S, U4S3 ; Cr^H^Og, Al^H^O^ 

together with certain phosphates of this group, and certain 

Boil the precipitate with HCl, and add a few drops of KN Oy drop bv drop, 

excess of JKJlO solution ; 



The solution maj contain 
Zn, Cr, Al, Ta, and G. It is divided into two portions. 



I. 

U acidified with 
HLCSO4, and infusion 
of gall* added, when 
an orange colour or 
precipitate indicates 

Uie presence of 

Ta. 



n. 

is boiled for some time. 



A green preci- 
pitate indicates 
the presence of 

Cr. 

This may con- 
tain Fe, for 
which it must 
be examined. 



The solution may be acidified with 

HCl, then rendered alkaline with 

NH.HO, and the precipitate digested 

with (NHJ^COa. 



The undissolyed 

residue is ALH3O3, 

or AljPO., 

and indicates Al. To ascertain whether the phos- 
phoric radical is present, dissolve the precipitate in 

ITT, add NH^HO in excess, then add NH^Q and 
Itfg.^SOp when the formation of a white crystalline 
precipitate would indicate the presence of 

POi. 



The solution will con- 

tain the Cf which, 

if it is boiled, will 

be precipitated 

as Go Ho 



13 V3. 



Fe, Mn, and Y, and 
Dissolve in a few 
solution, previously 



The precipitate would contain the Fe as hydrate ; also Mn, Y, Ba, Sr, Ca, 
and Mg as carbonates. Dissolve in HCl, avoiding any excess, warm, and 
add(NHJaS; filter. 



The filtrate 
will contain 
theBa, Sr, Ca, 
and Mg, and 
must be ex- 
amined ac- 
cording to 

the two 

succeeding 

Tables. 



The precipitate will contain the Fe, Mn, and Y. Dissolve in 
HCl, with the cautious addition of a few drops of HNO3 ; add 
excess of KA, and boil until all the Fe is precipitated. 



The precipitate 
consists of 

Fe 

as basic acetate. 
This precipitate 
should be ex- 
amined for Cr. 



The solution contains the Mn and Y. Add 
NHXl and excess of NH^HO ; filter off* any 
YHO which may precipitate, and add to the 
filtrate a few drops of Br. Allow to rest for 
twenty-four hours. 



The brown preci- 
pitate contains the 



The solution contains anj 
dissolved TT, which may be pre- 
cipitated as oxalate. 
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ANALYSIS OF aBOUP IH. 



filtrate from the H^S precipitate may contain 

TaHgO,, Ti,Ha03, 6^03, Zr^HgOp,, CeaHoOg, LaHO, DiHO, ThHO, YHO, 

phospnates, Dorates, and nuondes of Ba, Sr, Ca, and M^. 

to the boiling liquid ; filter from any residue of S. Add to the cooled solution 

filter, and wash with cold water. 



The precipitate may contain 
Mn, Fe, Co, Ni, U, 11, Zr, Cc, La, Di, Y, and Th, together with the phosphates, 

borates, and fluorides. 
First diaaolve in HCl, avoiding excess, and boil the solution for some time ; filter. 



A white pre- 
cipitate of 

Ti,Os 

indicates the 

presence of 

Tl. 



To the filtrate, some quantity of a saturated solution of K3SO4 is added, the 

" luid allowed to rest for some hoi — ^^'^ — "* — '' *' s~:*«*- _.v^ -.t*i. 

Id saturated solution of KSSO4. 



The formation of a white, 
7eUow,a. 'mI crystalline 
precipitate of double sul- 
phate would indicate the 
presence of 

Zr,Ce,La,Di,andTh. 

As all these rare bodies 
are never known to occur 
togeUier, their separation 
is not a matter of prac- 
tical importance. 



The solution is boiled with a few drops 
of HNO3, slight excess of NH^HO added, 
and then a warm and concentrated solution 
of (NH^)2C03, witli whidi the precipitate 
formed is digested at a moderate heat for 
some time. It is then filtered rapi^ while 
hot, and the digestion with (SK^)fiO^ 
repeated. 



The preci- 
pitate will 
contain the 

also the phosphates, borates, and fluorides. 

drops of HCl, and drop into boiling KHO 

mixed with a little Na^COg. 



The solution should be examined for phos- 
phoric, boracic, and hydrofluoric adds, by 
the appropriate tests. 



The filtrate will contain the 

U, Ni, and Co, 

and, if concentrated, will, on 
cooling, deposit fine lemon- 
yellow crystals of 

(U,0),CO.. (NH.),CO„ 

which may be separated. Add 

some NH4CI solution, and boil 

for some time. 



The precipitate will consist of (Us 0)aO. Test by 

blowpipe for IT. 



means of the 



To the filtrate add 
NaJ[y03, and boil until 
all odour of NH3 has ceased, then almost neutralize the UfaJuOj^ with HCl. Add 
now, gradually, such a quantity of a weak solution of KCy as shall be exactly 
Biifildent to redissolye the precipitate at first produced by it Boil until HCy 
ceases to be evolyed ; filter, if necessary, and, when cold, add some excess of 
a strong solution of NaClO*. If no black predpitate or colour appears after 
the lapse of ten minutes, add a drop of HCl to facilitate its formation. 
Warm and filter. 



The predpitate will consist of ^Ni2^a03. 
Test by means of the blowjiipe tor 

Ni. 



The filtrate will contain the Co. Eva- 
porate to dryness, and test by means 
of uie blowpipe for 

Co. 



* This mode of separation was, we believe, first practised by Dr. Hofinann. 
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TABLE FOR THE ANALYSIS OF aROUP IV. 



The filtrate firom the (NH4).^ S precipitate freed from (NH^).^ S by boil- 
ing and filtration, having been mixed with (NH. ), CO3 and warmed in the 
preeenoe of NH^ CI, may have yielded a precipitate oonMBting of the car- 
Donates of Ba, Sr, and Ca. 

The precipitate is dissolved in a few drops of HCl and divided into two 
portions. 



I. 
is mixed with some quantity of 
H3 Sij F„, and evaporated to dryness. 
The mass is then treated with EHO. 



A residue 

consists of 

Ba^Si^Pe, 

andmdicates 

Ba. 



The filtrate is again 
mixed with HaSi^Pn, 
and again evaporated 
to dryness to ensure 
the complete separa- 
tion of Ba. The so- 
lution in EHO is re- 
peated, the liquid eva- 
porated to dryness, 
and the residue dis- 
solved in water and 
tested with solution 
of Ca^SO^, when a 
white precipitate in- 
dicates 

Sr. 



II. 

is mixed with some quanti^ of so- 
lution of KjSO^, evaporated to dry- 
ness, and the mass boiled with water 
and filtered. 



The residue 

consists of 

Ba. SO. and 

Sr^ SO^. 



To the filtrate, excess 
of NH4 HO is added, 
and a few drops of 

(NHJ^O, when a 

white precipitate 

indicate 

Ca. 



TABLE FOR THE ANALYSIS OF GROUP V. 



The filtrate from Group IV., or the solution in which the various group- 
reagents have failed to produce any precipitate, may contain NH^, Mg, t, 
and Na. Evaporate and ignite to expel NH4 salte, which will have been 
already detected in the preliminary examination ; mix the residue with 
mercuric oxide (Hgo O) in excess, and a drop of water ; ignite, extract with 
boiling water, and mter whilst hot. 



A residue will con- 
sist of MgHO, and in- 
dicates the presence of 
Mg. 



Evaporate the filtrate to dryness, test one por- 
tion of the residue before the blowpipe for 

Na; 

dissolve the remainder in dilute HCl, and add 
HPtClg . A yellow cr jrstalline precipitate of KPtClg 

indicates 



AHALYnCAL TABUEB. 



APPENDIX TO TABLE FOE THE ANALYSIS OF GROUP 11., 

Exhibitiiig tbe generdJ outline of the method of dealing with the 
metals Pd, Ir, E,, Ru, and Ob, which, together with some Fe and 
Cu, are found in platinum ore. 



HCl witi 1 pan of ftindng HNOj, uid the acid which di.Iila over u the liquid buili, tollected 


Tliedi.tilhite 

Blutioo of KHOi 
•dd EHO. ud 
«>nn gcnlif, 
when, fine ml 

nhfch it KOiO,. 


■teel-FoIouied graina, which are not acted upon b; the add. 


Oam-iiidimn, 
and conUin 0>, 

T^He'Si""; 
dcS ira^."t^i 
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THE METHOD OF ANALYSIS. 



The examination for acid-radicals is to be conducted in ac- 
cordance with the plans given on pp. 413, 414. 

Suitable mixtures for anal3rBis may easily be made. For in- 
stance, at first two salts should be taken containing a common 
acid-radical and different basic radicals belonging to different 
groups ; then a mixture may be made, the basic constituents of 
which are four in number, two belonging to one group, and two 
to another. The student should then exercise himself in effecting 
the more difficult and delicate methods of separation, gradually 
increasing the nimiber and variety of the basic and acid-radicals 
-to be detected. Trials should also be made with mixtures of 
soluble and insoluble salts, with alloys, with salts incapable of 
remaining dissolved in the same solution, and with some of the 
substances met with in commerce or in common life. 
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' f Part I. ThalamiflorsD, 3s. Qd. 

{ PrixnitiflB et Noviti» FamuB et FIorsB Maderse et Portos 

f, SanctL Two Memoirs on the Ferns, Flowering Plants, and 

g Land Shells of Madeira and Porto Santo. By B. T. LOWE, 

MJL 12mo, 6s. 6<^., boards (150 copies printed). 

£ Growth of Plants in closely Glassed Cases. By 17. B. 

|: WABD, F.B.S., F.L.S. Second Edition, Illustrated. Po6t8YO,6t. 

I The Sea-Weed Collector's Guide ; contaiuing plain Instruc- 

l tions for Collecting and Preserving ; and a List of all the known 

{ Species and Localities in Great Britain. By J. COCKS, M.D. 

{ Foolscap Svo, 2s. 6d. 

Manual of the British Marine Algsd, containing Generic and 
{ Sperific Descriptions of all the known British Spedes of Sea- 

weeds, with Plates to illustrate all the Gbnera. By W. H. 
HABVEY, M.D., M.B.I.A., Keeper of the Herbarium of the 
i Uniyersity of Dublin, and Professor of Botany to the Boyal 

I Dublin Society. Svo, £1 Is. ; Coloured Copies, £1 lis. 6d. 

I 

i Nereis Boreali- Americana ; or, Contributions towards a History 

i of the Marine Alga of the Atlantic and Pacific Coasts of 17 orth 

i America. By W. H. HABVEY, M.D., M.B.I.A., &c. Boyal 

{ 4to, with 50 Coloured Plates, £S 3s. 

I 

i Terra Lindisflsumensis. The Natural History of the Eastern 

{ Bofders. By OEOBOE JOHNSTON, M.D., &c., &c. This 

I Tolnmd embraces the Topography and Botany; and gives the 

i popular Names and Uses of the Plants, and the Customs and 

i Beiiefii which have been associated vtdth them. The chapter on 

{ the Fossil Botany of the district is contributed by GHeorge Tats, 

F.0.8. Illustrated with a few Woodcuts and 15 Plates, Svo, 

10s. 6d. 
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BOOKS PUBLISHED BY 1£K VAN VOOBST. 7 

II !■■ IP III. II ■ I ^_^..— .^^.i^.^ I I , 1^1—^- 

HistosyofBritiBliFenis. B^ EDWABD mSWMAN. Ckim- 

prisiiig under each Species, Figures, detailed Deecrijptions, an 
ample list of Localities, and minute Listructions for Cultivating. 
8vo, 18s. 

'Walks after Wild Flowars ; or tiie Botany of the Bohereens. 
By BICHARD DOWDEN. Foolscap 8vo, 4«. 6d 



S3mopsis cf the Britudi Diatosnacen ; with Remarks on their 
Structure, Functions, and Distribution ; and Inst niofci onB for 
Collecting and Preserving Specimens. By the Bev. WiLLTAM 
SMITK The Plates by Tuffbn Wsst. In 2 vols, royal 8yo ; 
Vol. I. 21«. ; Vol. n. 30s. 



CHEMISTfiT, MINEEALOOT, OEOLOOT. 

A Manual of Chemical Analysis (Qualitative). By A. B. i ^ 

NORTHCOTE, F.C.S., and ARTHUR H. CHURCH, F.C.S. * > 

Poet 8vo, lOs. 6d. 

Handbook of Chemical Manipulation. By C. GREVILLE 
WILLIAMS, Principal Assistant in the Laboratory of the Uni- 
versity of Edinburgh. Post 8vo, with very numerous Woodout 
Illustrations, 15s. 

Elementary Course of Ceology, Mineralogy, and Physical 

Geography. By DAVID T. ANSTED, M.A., F.R.S., F.a.S., 
&c., Consulting Mining Engineer, Honorary Fellow of King's 
College, London, Lecturer on Mineralogy and Geology at we 
H.E.I.C. Mil. Sem. at Addisoombe, late Fellow of Jesus College, 
Cambridge. A Second Edition, post 8vo, with many Illustra- 
tions, 12$. 

The Ancient World. By Professor ANSTED. Second Edi- 
tion, post 8vo, lOs. (jd., with 149 IllustrationB. 

** The work may be described as an outline of the histoiy of vegetable and 
animal life upon the globe, from the early age when there were only 
«ea-weeds and marine invertebrates as yet in existence, down to the en 
when the mammals received among them the king of species, Man. By 
his intimate acquaintance with the subject, and power of arrangement 
and description, Professor Ansted succeeds in producing a narration, 
which tells in its entire range like a romance." — Maneketter Examiner, 

Gk)ld-Seeker's Manual. By Professor ANSTED. Foolscap 
8vo, 3s. (jd. 

Geolog;ist'8 Text-Book. Chiefly intended as a Book of Befisr- 
enco for the Geological Student. By Professor ANSTED. 
Foolscap 8vo, Ss. (yd. 

The Gxoond beneath us ; its Geological Phases and Changet. 
Three Lectures on the Geology of Clapham and the neighbour- 
liood of London generally. By JOSEPH PRESTWICH, F.B.S., 
F.G.S. &c 8vo, 3«. Qd. sewed. 
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8 BOOKfr PUBliiS&BD BY MB. VAN TOOBlST. 

Hftmial of tliA MiiiiaraloKV of Ghmit Britain maaAlBtttmAi.- 
By BOBBBT PHILIPS GBEG, F.G^., itad WILLIAM G. 
LETTSOM. 8to, with nunwroui Woodcuts, 15». 

SUstory of British Fo«dl TWannnalt and Birds. By Fro- 

feesor OWEN. This Tolume is, designed as a oompanion to that 
by Professor Bell on the (Recent Mammalia) * British Quadra* 

] Deds and Getaoea.' . 8To,iMrith^7 IllustrationB, £1 11& 64^., or 

] targe paper (royal 8vo), £3 *3s. 

D e a cripti on of the Skeleton of an Extinct Gigantic Sloth 

] (Mylodon robustus). With Observations on' toe Osteology, 

] Natural Affinities, and probable Habits of the Megatherioid Qua- 

drupeds in general. By RICHARD OWEN, F.R.S., &c. 4to. 
i £1 i2f.6d 

i ■ ' ■ 

• Oeologicallnquiry respecting the Water-beazineStzata, 

^ of the Country around London, with reference especiam- to the 

\ Water Supply of the Metropolis, and including some Kemarks 

\ on Springs. By JOSEPH PRESTWICH, Jun., F.G.S., &c. 

I 8to, with a Map and Woodcuts, 88. 6d. 

c Memoirs of Hugh E. Strickland, HLJL, Deputy Resider of 

I Qeology in the University of Oxford. By SIR WILLIAM 

^ JARDINE, Bart. ; with a selection from his Printed and other 

^ Scientific Papers. One Vol. Royal 8vo, 'SQs.^ Illustrated by Maps« 

^ Geological Sections, Plates and Woodcuts. 

i 

i Omphalos. An Attempt to Untie the Geological Knot. ByP.H. 

i GOSSE, F.R.S. In this work the author aims to overthrow the 

received conclusions of geologists as to the remote antiquity of 

the earth, by the enunciation and illustration of a grand physical 
{ law, hitherto unrecognized, the law of Prochronism in organic 

creation. Post 8vo, pp. 376, with 66 Illustrations on wood, 

lOf. 6d. 
i 

I WORKS ON GENERAL NATURAL 

[ HISTORY, &c. 

i The Aquarian Naturalist : a Manual for the Sea-side. By Pro- 

i fesBor T. RYMER JONES, P.R.S. Post 8vo, 644 pp., with 

( 8 Coloured Plates, price IS^. 

t 

i Humble Creatures: the Earthworm and the Common 

{ Housefly. In Eight Letters. By JAMES SAMUELSON, as- 

sisted by J. A. HICKS, M.D. Lond., P.L.S. With Microscopio 
Illustrations by the Authors. Post 8vo, price 3s. 6<?. 
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The Micrographie Dictionary: a Gtdde to ihe Enwninirtioii 
and Investigation of the Structure and Nature of Microscopic 
Objects. By Dr. GRIFFITH and Professor HENFEEY. Illus- 
trated by 41 Plates, each with numerous Figures, some coloured, 
and 816 Woodcuts, 777 pages, 8vo, £2 5s. 

Observations in Natural History; with a Calendar of Periodic 
Phenomena. By the Eev. LEONAED JENYNS, M.A., F.L.S. 
Post 8vo, 10s. Qd. 

Observations in Meteorology; relating to Temperatiure, the 
Winds, Atmospheric Pressure, the Aqueous Phenomena of the 
Atmosphere, Weather Changes, &c ; being chiefly the results of a 
Meteorological Journal kept for 19 years at SwafiTham Bulbeck, 
in Cambridgeshire, and serving as a guide to the climate of that 
part of England. By the Rev. LEONARD JENYNS, M.A., 
F.L.S., &c., late Vicar of Swaffham Bulbeck. Post 8vo, 10s. 6d 

Practical Meteorology. By JOHN DREW, Ph.D., F.R.A.S., 

Corresponding Member of the Philosophical Institute of Bale. 
Foolscap 8vo, with 10 Illustrative Plates, 5s. 



Natural History of Animals: being the substance of Tlireo 
Courses of Lectures delivered before the Royal Institution of 
Great Briton. By T. RYMER JONES, F.R.S., Professor of 

Post 8vo. Vol. I. with 105 
Illustrations, 12s. each. 



Zoology in King's College, London. 
Illustrations ; Vol. II. with 104 Illu 



General Outline of the Organization of the Animal King- 
dom, and Manual of Comparative Anatomy. By T. RYMER 
JONES, F.R.S., Professor of Comparative Anatomy in King's 
College, London ; late Fullerian Professor of Physiolo^ to th«| 
Royal Institution of Great Britain, &c. &c. Second Edition, 8vo, 
884 pages, 400 Woodcuts, £1 lis. ijd. 

First Steps to Anatomy. By JAMES L. DRUMMOND, M.D., 

Professor of Anatomy and Physiology in the Belfast Royal Insti- 
tution. With V2 Illustrative Plates. 12mo, 5s. 

Great Artists and Great Anatomists: a Biographical and 
Philosophical Study. By R. KNOX, M.D., F.R.S.E. Post 8vo, 
Gs. 6rf. 

Anatomical Manipulation ; or, The Methods of pursuing Prac- 
tical Investigations in Comparative Anatomy and Physiologv. 
Also an Introduction to the Use of the Microscope, &c. Sv 
ALFRED TULK, M.R.C.S., M.E.S. ; and ARTHUR HEIS^ 
FREY,F.L.S.,M.Micr.S. With Illustrative Diagrams. Foolscap 
8vo, 9s. 

Familiar Introduction to the Study of Polarized Light. 
By CHARLES WOODWARD, F.R.S. 8vo, Illustrated, 3s. 
Second Edition. 
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10 BOOKS FUBUSHKD BY KB. YAS TOOBSOB. 

i mxMntkam of Instinct, dedneed £eoiii to Hfibit»-<tf Antif^ 

Animals. By JONATHAN COUCH. FJLS^ Iftsmber a£ die 
BoybI Oeological Society, and of the Bioyal Iiistaintion of Oom- 
wail, &o. Post 8yo, 8«. Gd. 

The PowBTB of the Creator Displayed in the Oreations 

or, Obsenratioiis on Life amidst the YBiious forms of the Humlto 
Tribes of Animated Nature ; with Practical Comments and lUus- 
trations. By Sir JOHN ORAHAM DALYELIj, Knt and Bart 
In 3 vols. 4to, containing numerous Plates of Hying subjectSi 
finely coloured, £10 lOs. 

] 

] Bare and Bamarkable Aninialfl of Scotland, with Prac- 

tical Observations on their Nature. By Sir JOHN GBAHAM 
i DALTELL, Knt. and Bart. In 2 yoIs. 4to, contaimng 110 

{ Coloured Plates, drawn from the living subjects, £ld 6s. 

' i On the Variation of Species, with especial referenoe to tiw 

i Insecta ; followed by an Inquiry into the Nature of Genera. By 

I T. VERNON WOLLASTON, M.A., F.L.S. PostSvo, 6». 

i 

, *' No compound of this earthly ball 

^ Is like another, all in all.' ' — Tetmjf8on» 

{ Manual of Natural History for the Use of TtaveUers; 
i ' - - . . _ -_ 



being a Description of the Families of the Animal and Vegetable 
^ Kingdoms, witn Remarks on the Practical Study of G^logy and 

^ Meteorology. To which are appended Directions for Collecting 

^ and Preser ving. By ARTHUR ADAMS, M.RC.S. ; W. BAL- 

^ FOUR BAIKIE, M.D. ; and CHARLES BARRON, Curator 

^ of the Royal Naval Museum at Haslar. Post 8vo, 12s. 

Letters of Rusticus on Natural History. Edited by ED- 
WARD NEWMAN, F.L.S., F.Z.S., Ac. 8vo, 8s. ^. 



i 



Descriptive Ethnology. By ROBERT GORDON LATHAM, 
M.D., F.RS., Fellow of King's College, Cambridge; Vioe-Pre- 
\ sident of the Ethnological Society of London ; G^rresponding 

\ Member of the Ethnological Society of New York. 2 vols. 8to. 

i 

U Other Works on EOiiiologyj hy Dr, Latham, 

\ Natural History of the Varieties of Man. Syo, DIub- 

\ trated, i^'l Is. 

i Ethnology of Europe. Foolscap 8yo, 58. 

I Ethnology of the British Islands. Foolscap 8vo, 5s. 

[ Ethnology of the British Colonies and Dependencies. 

^ Foolscap 8vo, 5«. 

Blan and his Migrations. Foolscap 8vo, bs. 
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Tho SeaHBlde Book: an Infafodaetion to the Natural HiiUny of 
the BiiUdi Coasts. By W. H. HABYEY, K J)., M JL-IjL, &c. 
With a Chapter on Fish and Eiah Diet, by TABBELL. 
Foolscap 8yo, with 83 Woodcut Illustrations, 4th Edition, ds. 

Handbook to the Marine Aqoarium: containing Practical 
Instructions for Constructing, Stocking, and Maintainmg a Tank, 
and for Collecting Plants and Animals. Bj P. H. GOSSB, 
P.B.S. Foolscap Sto, Second Edition, 2s. 6d. 

Ifr. Oosse's Manual of Marine Zoology of the British 

Isles. Parts I. and 11., price 78, Qd, eadoT 

A Naturalist's Bambles on the Devonshire Coast. Bj 
P. H. GOSSE, F.B.S. With 28 Lithographic Plates, some 
coloured, post Syo, One Gkdnea. 

The Aquarium ; an Unveiling of the Wonders of the Deep Sea. 
By P. H. GOSSB, F.B J3. Post 8yo, Illustzated, Second Ed. 17«. 

The Canadian Naturalist. By P. H. GOSSE, F.B.S. With 
44 Illustrations of the most remarkahle Animal and Vege- 
table productions. Post Svo, 12s. 

Tenby; a Seaside Holiday. Bj P. H. GOSSE, FJLS. 

Post 8yo, 400 pages, with 24 Coloured Pktes, 2l«. 

The Lde of Man ; its History, Physical, Ecclesiastioal and Le- 
gendary. By J. G. CmoiONG, MJL, F.G.S. Post 8vo, 
I2s. 6^ 

Natural History of the County of Stafford; comprising its 
Geology f Zoology , Botany, and Meteorology: also its Antequi- 
ties, Topography, Manufactures, &c. By ROBERT GARNER, 
F.L.S. 8yo, with a Gieological Map and other Illustrations, 21s. 

The Natu ral H istory of Selbome. By the late Bev. GIL- 
BERT WHITE, MJL A New Edition, with Notes hy the Rev. 
LEONARD JENTNS, M.A., F.L.S., &c. ; with 26 Illustrations, 
foolscap 8to, 7s. 6<2. 

Travels in Lj^cia, MUyas, and the CibyxatiSy in company 
with the late Rev. E. T. DanielL By Lieut SPRATT, R.N., and 
Professor EDWARD FORBES. Two vols. 8vo, with numerous 
Illustrations, including Views of the Scenenr, Plans of Ancient 
Cities and Buildings, Plates of Coins and ifnscriptions. Cuts of 
Rock Tombs, Fossus, and G^logical Sections, and an original 
Map of Lycia. 36s. 

Healthv B^spiration. By STEPHEN H. WARD, M.D. 
Foolscap 8to, Is. 6d. 
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IS BOOKS PUBLISHED BT MR: VAN TOOBST. 

1 ■ !■■ .. ■ — -^■.■. -I.I. I. .. ■ ■■ I ■ .. .........i.— 

Tbbacco and its Adultaratiosui. ByHENBYP.PBBSeOTT, 
of the inland Beyenue Department With npwardi of 260 Illiift- 
trationB drawn and engrayed on Forty Steel Flatee. Svo, 12s. Qd. 

A Life of LimuBiLS. By Min BRIGHTWELL of Norwich. 
Foolflcap Syo, 38. ^. 

Sceaaery, Science, and Art; being Extrada from ihe Note- 
book of a Geologist and Mining Engineer. By FrofeeBor J). T. 
ANSTED, M.A., F.B.S., &a 8vo, with Woodcute and Four 
Views in tinted lithography, lOs. ^. 

Evening Thons^ts. By a PHYSICIAN. Post 8to, Second 



^ Edition, 4«. OdT 

I " We cannot help expressing a tnah that these * Evening Thoughts ' maj 

^ not be the only contributions to scenefal literature that we may jutve from 

C a mind so powerful, so cultiTatea, and so gentle as that of the Physician 

whose pages we now close." — Ouardian, 

I lUturtrations of Arts and Mannfactores; being a Selection 

{ from a Series of Papers read before the Society for the Encou- 

{ ragement of Arts, Manufactures, and Gonunerce. By ABTHUR 

{ AIKIN, F.L.S., F.G-.S., &c., hite Secretary to that Institution. 

Foolscap 8vo, 8s. 

c The Poor Artist; or. Seven I^^e-Sights and One Object "SCI- 

f, ENCE IN FABLE." Foolscap 8vo, with a Frontispiece, 5s. 

< Sunday Book for the Toung ; or. Habits of Patriarchal Times 

[ in the East With Woodcuts, 2s. Qd. By ANNE BULLAE. 

I 

^ Other Books for Young Persoyis, hy Anne BuMar, 

Domestic Scenes in Greenland and Iceland. With 
i Woodcuts, 2s. Second Edition. 

Every-Day Wonders; or, Facts in Physiology which all 
{ should know. Witli Woodcuts, 2s. Qd, 

I England before the Norman Conquest. 2s. 6e?. 

\ Elements of Practical Kno'wledge ; or, The Young Inquirer 

r Answered. Explaining in Question and Answer, and in fanuliar 

c language, what most tMngs daily used, seen, or talked of; are ; 

( what they are made of, where found, and to what uses appUed. 

c Including articles of food and aliment ; miscellanies in common 

c use ; metals, gems, jewellery ; and some account of the principal 

c inventions and most interesting manufactures. Second Edition, 

c 18mo, with Illustrations, *6s. cloth. 

I Notes on the Greology and Chemical Composition of the 

^ various Strata in the Isle of Wight. By CAPTAIN L. L. 

• BOSCAWEN IBBETSON. With a Map in Belief, coloured 
Q^eologically, 8vo, 7s. M. 
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ABCHITEGTUBE AND THE FINE ABTS, &c. 

Instruxnenta Ecclesiastica; a Series of Working Designs, 
engraved on 72 Plates, for the Furniture, Fittings, and I>ecora- 
tions of Churches and their Precincts. Edited by the Ecclesio- 
logical, late Cambridge Camden Society. 4to, £1 lis. Qd. 

The Second Series contains a Cemetery Chapel, with Sick-house and 
Grateway Tower — A Wooden Church — A Chapel School^ — Schools 
and Scnool-houses — A Village Hospital — An Iron Church — And 
Designs for Funeral Fittings, for Timber Belfries, and for a 
Variety of Works in Metal, Wood, and Stone. Price also 
£1 Us.ed. 

Manual of Grothic Architecture. By F. A. PALEY, M.A. 
With a full Account of Monumental Brasses and Ecclesiastical 
Costume. Foolscap 8vo, with 70 Illustrations, 6s. 6d. 

" To the student of the architecture of old English churches this beautiful 
little volume will prove a most acceptable manual. The two chapters 
on * * * form an epitome of the whole subject, so lucid, concise, and 
complete, that it may be regarded as a model of succinct and clear ex- 
position. Both in description and analysis, Mr. Paley is remarkable for 
neatness and perspicuity ; his style is terse and precise, yet withal easy 
and elegant. The examples, engraved bv Thurston Thompson, are the 
perfection of wood engraving, as applied to architecture : exact in de- 
tail, picturesque in effect, and cut with equal firmness and delicacy.' ' — 
Spectator. 

Baptismal Fonts. A Series of 12;") Engravings, examples of the 
different periods, accompanied with Descriptions ; and with an 
Introductory Essay. By F. A. PALEY, M.A., Honorary Secre- 
tary of the Cambridge Camden Society. 8vo, One G-uinea. 

Treatise on the Rise and Process of Decorated Window 

Tracery in England. By EDMUND SHARPE, M.A., Architect. 
«S\ o. Illustrated with 97 Woodcuts and Six Engravings on steel. 
Km. M. And a 

Series of Illustrations of the Window Tracery of the 

I)pcoi*ated Style of Ecclesiastical Art'liitecture. Edited, with de- 
Bci'iplions, by Mr. SHARPE. Sixty Engravings on steel, 8vo, 21s. 

Heraldry of Fish. By THOMAS MOULE. The Engravings, 
2l)o in number, are from Stained Glass, Tombs, Sculpture, and 
Carving, Medals and Coins, Rolls of Arms, and Pedigrees. 8vo, 
21.S. A few on large paper (royal 8vo) for colouring, £2 2s. 

Shakspeare's Seven Ages of Man. Illustrated by Wm. 
Ml LRKADY, R.A. ; J. CONSTABLE, R.A. ; SIR DAVID 
WILKIE, R.A^ W. COLLINS, R.A. ; A. E. CHALON, R.A. ; 
A. COOPER, R.A. ; SIR A. W. CALLCOTT, R.A. ; EDWIN 
] ANDSEER, R.A. ; W. HILTON, R.A. Post 8vo, Gs. A few 
fopiea of the First Edition in 4to remain for sale. 
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14 BOOKS PUBIiISHBD BY MS. VAN YOOBST. 

4 Manual of Qothic Moldings. A Practical Treatiae on their 

fbrmatknifl, gradual devialopiiient, oombinations, abd tazWei; 
witk full direotionfl for copying them, and for determining their 
] dates. Illustrated by nearly &0 examples. By F. A. PALEY, 

MA. Second Edition, 8yo, 7«. 6d. 

" llouldinga are the KhoUumhip of architecture. The presoit is a most 
learned work, and dUplayB an amoant of practieal Knowledge which 
■t those who know the difficulties of the subject alone can appreciate." — 

^ Christian Remembrancer, 

QrajT's Elesy in a Country Church- Yard. Bach Stanza 
] illustratedwith an engraving on wood, from S3 ori^pial drawings. 

] Elegantly printed, in post 8to, 9s. doth. (Small cmtion, 28. QeL) 

A Polyglot Edition of this volume, with interpaged Translations in 
^ the Greek, Latin, German, Italian, and fVencua languages. 12i. 

'f Gray's Bard. With Illustrations by the Hon. Mrs. JOHN 

g TALBOT. Post 8vo, 7«. 

I The Vicar of Wakefield. With 32 Illustrations by WILLIAM 

^ MULREADY, R. A. ; engraved by JOHN THOMPSON- Pirst 

g reprint. Square Svo, 10s. 6^. 

g " And there are some desi^Hns in the vdnme in which art may justly boast 

<; of having added something to even the exquisite fiucy d Goldsmith." 

^ — Examiner, 
C 

I The Farmer's Boy and other Rural Tales and Poems. 

^ By ROBERT BLOOMFIELD. Foolscap 8vo, 7». 6c?. A few 

J copies on large paper, to correspond with the edition of 'The 

^ Vicar of Wakefield,' lately illustrated by WILLIAM MUL- 

READY, R.A. With 13 Illustrations by Sidney Cooper, Hors- 

5 ley, Frederick Tayler, and Thomas Webster, A.R.A. 

Watts's Divine and Moral Songs. With 30 niustratioos 
J by C. W. COPE, A.RA. ; engraved by JOHN THOMPSON. 

I Square 8vo, 75. 6d. ; copies bound in morocco, One Ghiinea. 



1 The Economy of Human Life. In Twelve Books. By B. 

2 DODSLElL With Twelve Plates, engraved on steel, from ori- 
^ ginal designs, by Frank Howard, Harvey, Williams, &c, ISmo, 
^ gilt edges, 5s. 

c Bibliographical Catalogue of Privately Printed Books. 

I By JOHN MARTIN, F.SA. Second Edition, 8vo, 2U 

^ The Currency under the Act of 1844 ; together with Obser- 

^ vations on Joint Stock Banks, and the Causes and Results of 

Commercial Convulsions. From the City Articles of "The 

Times." 8vo, 6s. 



JOHN VAN VOORST, 1 PATERNOSTER ROW. 




BOOKS PUBUBHED BT VR. TAS YOOBST. 15 



NATURAL HISTOBY OF THE BBITISH ISLES. 



ITiis Series of Works is Illustrated by many Hundred Bngrawngs ; 
every Species has been Drawn a/nd Engraved under the immediate 
inspection of the Authors ; the best Artists have been employed^ and 
no care or expense has been spared, 

A few Copies have been printed on Larger Papfir, 



QUADRUPEDS, by Profeeaor Bbll. A New Edition preparing. 

BTBDS, by Mr. Yabrbll. Third Edition, 3 yoIb. £4: 14«. M, 

COLOURED ILLUSTRATIONS OP THE EGGS OP BIRDS, 
by Mr. Hewitson. Third Edition, 2 yoIb., £A 14s. ^. 

REPTILES, by Professor Bell. Second Edition, 12s. 

PISHES, by Mr. Yarrell. Third Edition, edited by Sir Johk 
Richardson, 2 vols., nearly ready. 

CRUSTACEA, by Professor Bell. 8vo, £1 6«. 

STAR-PISHES, by ProfSessor Edward Porbes. lbs. 

ZOOPHYTES, by Dr. Johnston. Second Edition, 2 vols., £2 2s. 

MOLLUSCOUS ANIMATES AND THEIR SHELLS, by Professor 
Edward Porbes and Mr. Hanlet. 4 vols. 8yo, £KS lOs. Royal 
8vo, Coloured, £13. 

POREST TREES, by Mr. Selbt. £\ 8s. 

PERNS, by Mr. Newman. Third Edition, 18s. 
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